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PREFACE 


I an pleased to have published these papers which were presented 
at the NASA Occupational Medicine and Environmental Health Annual 
Conference in Charleston, South Carolina, on October 12, 13, and 14, 
1971. 


The interchange of information, data, and techniques discussed at 
the meeting does much to enhance the quality of medical care for 
NASA personnel and assists in maintaining the high level program of 
medicine which is a part of NASA's standard. 


Appreciation is expressed not only to each participant associated 
with the National Aeronautics and Space Administration but also to 
the visiting authorities from other organisations, all of whose 


efforts made the conference successful. 


, 'YkW i _ 

Louis B. Arnold!, M.D. 

Director, Division of Cccupational 
Medicine and Environmental Health 
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As we review the past year of employee health with NASA, a 
population, now, of 3^ ,000 workers, located at ten major installa- 
tions throughout the country, and a far greater number of smaller 
stations and offices throughout the world, we find that the esti- 
mated annual cost of major illness, injury, disability, and death 
exceeds 4.7 million dollars, and that no estimate of resources lost 
because of minor illness episodes, machinery or facilities damaged 
because of human errors, or lowered productivity, perhaps due to 
health problems, is possible. 

Major illness episodes affect an estimated 7 percent of the 
population per yeai, or 2,200 workers. Two hundred of these are 
permanently separated from NASA either through death or disability 
retirement. While -re have no accurate measure of minor episodes, 
over 66,000 illness and injury first treatments and 48,000 additional 
or follow up treatments were administered by NASA medical facilities 
in 1970. 

The current annual level of expenditure for occupational 
medicine and environmental health is 4.6 million dollars, a budget 
which provides equip tent and supplies, and the salaries of 298 tech- 
nical and administrative employees. These resources are distributed 
primarily on the basis of availability, with little regard to, or 
knowledge of, the problems which they are expected to solve. 
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At NASA, a recent emphasis has been placed on the assessment 
of employee health problems and the development of specific methods 
and programs which would attempt their resolution. The essential 
key, here, as in all fields of scientific endeavor, lies in infor- 
mation. With information we can isolate and define our problem and 
measure its significance. With information we can plan our attack, 
monitor our progress, and adjust our program to best accomplish our 
objectives. And finally, with information, we can judge our success 
or failure. 

la the past year there have been some significant advances in 
information techniques within our NASA health programs. Michoud 
has developed an automated billing system for medical cervices, 
based on an input format designed by the Kennedy Space Center 
(Figures 1 and 2). This system now provides information on the cost 
of medical services by service user and will measure in dollars that 
portion of resources spent on preventive techniques versus therapeutic 
techniques. With only a. slight modification, the same system can 
provide important cost data by age, sex, and occupational groups, and 
even by disease categories, and by so doing, can supply important 
management guidance in medical resources allocations. 

Marshall, applying a concept used by Langley and Lewis since 1959> 
to their medical data file, has developed a report which can accumulate 
and print instantaneously a ten year examination history on an employee, 
in a matrix which far surpasses the capacity and efficiency of the 
traditional medical file (Figures 3 to 6). With this summary, and a 
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CRT terminal, a physician can rapidly scan volumes of medical 
records and select candidates for examination based on clinical 
priorities, rather than arbitrary age or grade limits. 

A system funded by Headquarters combines inputs from four major 
NASA installations, and permits us to measure health trends in dif- 
ferent populations (Figures J to 10 ). With data supplied by the 
Kennedy Space Center, we now have our first indication of health 
problems among our contractor employees. 

The first experimentation with a self -administered automated 
history was conducted at Goddard this summer. In the next year, 
with the cooperation of the Tennessee Valley Authority, they will 
begin electrocardiograph screening by computer, and if it proves 
successful, will develop their own in-house capability. 

The Manned Spacecraft Center, using concepts originally 
developed for the astronaut program, currently has computerized 
validation of their laboratory activities, and in 1972 plans to 
expand their data file to cover health records on all of their 
employees . 

Marshall's data base goes back four years, to early 1968. 
Wallops Station is programming one which will include 13 years of 
annual records, back to the beginning of NASA, and perhaps even to 
their original establishment under NACA. 

In a recent assessment of NASA-wide mortality records over the 
past five years, age adjusted death rates among both professional 
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and non-professional workers were found to be significantly higher at 
the manned space flight centers than at the research centers, sug- 
gesting that differences in the occupational environment may exist, 
and may have an adverse effect on employee health. In May of this 
year, the Lewis Research Center screened over 3*000 of its total 
population for obesity, hypertension, and blood chemistry abnormali- 
ties. As these data are analyzed, It will be possible to compare them 
with similar data from the Marshall file and perhaps they will provide 
some clues to the differences in the evolution of chronic disease. 

The systems and reports discussed here are only a few of an 
enormous quantity of information now available to us. None have been 
developed without the shared ideas and combined imputs of all of the 
individual NASA medical and environmental health teams. In the future, 
with the advent of real-time information capability, with terminals 
and computer lines dedicated to medical use, with shared data bases, 
it will be possible to isolate health problems throughout NASA and to 
identify the elusive populations at risk. With a single telephone call, 
a researcher at one installation, testing for differences and prevar- 
iances in his population, will be able to obtain information on rates 
at other NASA installations, and a medical officer or environmental 
health engineer detecting an unusual condition or high incidence in an 
isolated small population, by tapping the resources of the larger 
combined file, can verify his finding. 
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These are some of the uses for which NASA medical information 


systems are being created. As they expand and grow, it is hoped 
that they will serve not only as an aide in our own problem solving, 
but also as a demonstration for other organizations. 
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CORONARY BISK PftCTQR 8C0GXHG AS A GUIDE FOB COUNSELING 

by Hobart L. Fleck, M.D. 

NASA Headquarters Health Unit 

The prominence of coronary heart disease as a major cause for the loss 
to industry of personnel in their prime has been acknowledged for years. Since 
effective prevention must precede the actual development of even covert disease 
i ; is necessary to Identify those factors known to he associated with greater 
incidence of the disease and from there take corrective action where possible. 

An effort lias been made at NASA HQ to evolve a scoring system from data available 
in ? regular periodic health examination that would result in a number that 
could be analyzed statistically and yet have practical clinical significance. 
Figure number 1 shows the system in current use which is the result of influence 
from review of the literature in general and in particular from the December, 

19& issue if 'The Annals of Internal Medicine* • This issue contained several 
articles evaluating the results of periodic health examinations of ten major 
industries. Many tables were presented but the list shown was selected from a 
tabulation of subjects dying of coronary heart disease that had not been pre- 
viously suspected or diagnosed with the order of frequency of occurrence for 
each item being retained. The weighting factor has since been added in an 
effort to give greater clinical significance to the resulting number with the 
significant level being set at 5 or more since the average score of those dying 
of the disease vas between 5 and 6. Referring to the chart it is readily 
apparent that the weighting is entirely arbitrary. To describe the many inter- 
acting factors and influences which led to the present form would be far too 
time consuming. The essential feature, however, is to record progressively 
higher scores for those items known to involve higher risks the further from 
normal they are. One possible improvement would he to score two points for an 
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uncontrolled hypertensive state and one point if controlled on the assumption 
t’nat a subject requiring treatment to control his pressure would have a bit 

risk than one not requiring treatment at all. In spite of the arbitrary 
nature of the scoring and the obvious omissions and imperfections it does appear 
t'xt tills system is indeed successful in identifying the high risk subjects. 

Using the sample of subjects identified last year consisting of those 
employees who had three or more complete physical examinations including the 
dynamic EKG study and at least one year between each examination, the following 
correlations were made: of uhe 3^2 subjects. Figure number 2 shows that there 

were -'A subjects with a score of 5 or more on their last examination of which 
5 had already experienced symptomatic coronary heart disease while of the 67 
with scores of 1 or less 1 had such a previous diagnosis made. Further, of 
the 251 subjects between the 1 and 5 level, 3 have had previous coronary 
episodes which is very close to the low risk group percentage. 


A look at the correlations of dynamic HOG results according to risk 
factor groups shows this procedure to he a possible prediction aid as well as 


an early detection device. A review of the data identified on dynamic studies 
is shown in Figure number 3* Note that many items with code numbers are not 
considered to have any clinical significance such as sinus arrhythmia, 
wandering pacemaker, and supraventricular premature contractions while other 
findings are of uncertain significance such as transient T wave inversions or 
notched T waves. Figure number 4 shows that the overall ratio is about 2 to 1 
with the high risk group having the higher incidence of other than normal 
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finding, if the findings considered to have no clinical significance are 
reeved, the ratio indicates that the high risk group is four times as 
likely tc have an abnormal dynamic EKE than the low risk group. 

An itemized breakdown is shown in Figure number 5 which shows that 
practically every item is more prominent in the high risk group except for 
the cozap letely normal column. Of interest is the consistent finding of the 
higher incidence of the high risk groups in many categories not considered 
to be v part of coronary heart di ase MG patterns at rest or with exercise. 

The validity of this is of course far from established. Thus it does seem 
that this scoring technique has proven to be effective in identifying those 
subjects at high risk for coronary heart disease. To re look at the list 
(Figure number l) it is noted that many items are non-action in nature. 

Effective prevention must be considered mult ifact oral so an/ discussion of 
an; single item does not imply that others are neglected although It is 
admitted that the cholesterol problem seems to be ever with us. It must be 
admitted tliat to date there i3 no positive proof that cholesterol reduction 
reduces one's risk. It nay also be noted that there is no positive proof to 
the contrary. Since our first three coronary episodes at NASA HQ this year 
involved subjects with cholesterols over **00 on their last physical examination, 
pernaps we should more promptly recommend therapeutic agents in addition to 
diet. Indeed, perhaps antihypertensive measures, should be initiated at much 
lower levels than the old diastolic pressure of ]&> used for so many years 
and still used by many clinicians. Tnere are however, other considerations 
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thet should at least postpone discouragement In our ability to prevent even 
though it does seem we are much more effective in the prediction than in 
prevention. Consider that this program has been developing at HASA HQ for the 
pest ~i:; years in an attempt to cope with a process that spans 20 to 30 years 
rr even longer in its overall progress. It is /ery logical to consider the 
lead time is responsible for many failures at preventive efforts. Also, the 
occasions of failure are so immediately obvious whereas our successes have yet 
zo be proven. It could be that effective action must be made while a person 
is in his late 20* s or 30' s or indeed ’..hat the best we can do is to so influence 
;he current generation that they will influence their children and perhaps the 
ne;:t generation after that before a reduction of the incidence of coronary- 
heart disease will achieve statistical significance. The fact that the incidence 
of significant coronary atherosclerosis found in young Korean conflict casualties 
in the early 50* s is present to the same degree in Vietnam today would indicate 
that effective preventive efforts must be initiated at an early age indeed, 
leather than adopt a pessimistic attitude, however, it does seem logical that the 
reduction of one's risk factor score would at least arrest or slow down a pro- 
gressive atherosclerotic process. 

To test the possible improvement in both detection and counseling of 
employees having abnormal lipid metabolism a phenotype classification was 
obtained on 65 subjects at HASA HQ and on an additional group from Goddard. 

The test measured cholesterol, triglycerides, total lipid and total phospho- 
lipid levels and the electrophoretic pattern, and was performed by a local 
independent laboratory. Figure number 6 shows the results which is admittedly 
biased in favor of group II and against group IV phenotypes since only those 
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subjects haiing a cholesterol level of JDO or better on one or more of the 
three documented examinations were selected for this study* Since a type IV 
hyperlipidemia may bare a normal or slightly elevated cholesterol level many 
subjects aay be missed entirely where only the cholesterol test is employed. 
This not only effects the success of a detection effort but also the value 
of counseling given. The addition of the triglyceride test to the chemistries 
obtained on routine periodic health examinations would correct this defect. 

The remainder of the profile testing is not considered to contribute enough 
additional information to justify tne extra expense. 

la sunoajy, it does appear that a risk factor scoring system any be 
effective in identifying subjects who are in a high risk category for coronary 
heart disease. It also appears that the ability to predict exceeds our ability 
to prevent coronary heart disease or its complications to date. Although 
prevention may well have to be applied at a very early age to be effective 
it is essential that both predictive and preventive efforts continue now so 
that knowledge gained may further improve both efforts as well as to benefit 
employees' survival and rehabilitation potential. The addition of the tri- 
glyceri.de test to the routine procedures would be one Important step in this 
direction. 
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WEIGHTED SCORING SYSTEM FOR CORONARY RISK FACTORS 


1. CHOLESTEROL: Score one point for each 50 mgm. over 200 (200-249® 1, 250-299 = 2, 300-349 

3, etc • * « j * 

2. FAMILY HISTORY: Score two if any immediate member of family has a bo nafide history of coronary 
heart disease. Immediate member refers to parents or brothers or sisters. Dc not score if precise 
knowledge is not known. 

3. SMOKiNG: Score one for each pack of cigarettes per day. (.5 for 1/2 pack). If pipe or cigar 
smoker claims he inhales attempt a realistic equivalent score fcuch as .5 point for each cigar or 
pipeful inhaled). 

4. WEIGHT: Using the Metropolitan Life Insurance tables (note height and maximum weight is with 
indoor clothing and shoes) and score one point if 20% over maximum weight listed plus an additional 
point for each 10% over this point. 

5. HYPERTENSION: Score one point if systolic pressure is 150 or better in either arm or diastolic 
pressure is 94 or better in either arm. (If on treatment for hypertension but BP is under above, do 
not score. 

6. ABNORMAL ECG: Score one point if ECG is not normal. (Score even if finding not considered to 
be clinically significant). 

7. WHITE BLOOD COUNT: Score .5 point if total WBC is 12,000 or better. (Score even if cause is 
known to be transient). 

8. ERYTHROCYTE SEDIMENTATION RATE: Score .5 if 18 mm/hr or higher. 

9. FASTING BLOOD SUGAR: Score .5 if FBS over 100 (101 or higher) or If history of diobetes 
mellitus is present irrespective of treatment. 

10. URIC ACID: Score .5 point if uric acid is 6.9 mgm% or higher or if bonafide history of gout is 
present . 
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INTRODUCTION 


Within the past five years morbidity and mortality from coronary 
heart disease has been a consistent major problem within NASA. Most 
centers have established preventive screening programs aimed at 
identifying coronary prone individuals so that correction of the 
coronary risk factors can be accomplished. High risk employees are 
usually referred to private physicians for more complete treatment and 
follow up counseling is conducted for those factors amenable to cor- 
rection. 

One of the most important of these coronary risk factors is 
hypercholesterolemia. Numerous proseptive studies have shown the 
increased risk of developing coronary heart disease prematurely with 
increasing serus cholesterol levels. It is important to note that 
there is a direct relationship between risk and cholesterol concentra- 
tion and, thus far, there is really no concentration level separating 
high from low risk individuals . 1 It appears then that at least one 
measure of the benefit derived from an intervention program is the 
amount of cholesterol reduction achieved through its dietary counseling. 

There are many factors which are likely to influence the amount 
of cholesterol reduction attainable by dietary counseling. The most 
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obvious of these is the motivation of the employee to reduce the 

amount of animal fats and carbohydrates in bis diet. Previous 

studies have also shown that elevated cholesterol levels are related 

to the Type A personality which is characterized by excessive drive, 

ambition, involvement in competitive activities, pressure for voca- 

2 

tional activity and ’’sense of time urgency." In a normal population 
sear aal vai iation has also been shown to change cholesterol level on 
the ave^'-ge by about 30 points (mg/$), within the same year, being at 
its highest during the months from January through April and at its 
lowest from July through November. ^ Another known factor in hyper- 

cholesterolemia control is the age of the patient, since even among 
healthy men the average cholesterol level for those 20 through 29 is 

183 while in succeeding decades it is 210, 230, and finally 240 for 

4. 

those between 50 and 59 * A report made at this conference just last 
year indicated that even among motivated subjects the ability to 
reduce cholesterol by diet diminishes with age.^ The influences of 
other factors such as job stress^ and physical exercise? have not been 
clearly established but lower levels seem to be mildly related to 
smaller workload and routine physical exertion. Normal diet and 
metabolic variations, even in the absence of a typically high 
cholesterol intake, can create intra-individual variations in 
cholesterol level by as much as ten to twenty points (mg /#) over 
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the course of a week. Still another nonsystematized source of 
variation can be the differences in laboratory procedures especially 
if a particular test is done in an outside laboratory. 

When the physician, then, looks at a measured change in an 
individual's cholesterol level he is faced with a complex judgment 
concerning its significance. Some physicians choose to simplify 
this judgment by disregarding all but extremely elevated levels, 
i.e., greater than 400. Some eliminate intra- individual variations 
by repeated tests over the course of a few weeks. This latter prac- 
tice eliminates short term fluctuations, but, as yet, no set of 
standardized normal limits has been established for the many syste- 
matic, long term factors which are operative. Furthermore, practical 
judgment based on cholesterol measurements must still be made con- 
cerning the progressing state of health of particular persons and, 
more generally, the value of dietary counseling and follow up in 
the preventive medicine el fort. 

In order to establish a firmer basis for these judgments within 
NASA's Occupational Medicine program, a retrospective pilot study 
was designed to test for the effect of these known systematic influ- 
ences on repeated cholesterol measurements taken at Headquarters (HQ) 
and Goddard Space Flight Center (GSFC). The particular objective of 
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the study was to see if any improvement in the amount of cholesterol 
reduction, not attributable to these extraneous systematic influ- 
ences, was brought about by the policy of continued follow up 
counseling practiced at Headquarters and GSFC. This policy operates 
under an assumption similar to that of a "weight watchers club," 
namely, that increased motivation to diet will be associated with 
anticipated evaluation of effort and with increased awareness of 
diet importance to the person's health. The hypothesis we tested 
was that those persons with hypercholesterolemia who were scheduled 
for more frequent follow up measures and counseling during the year 
after discovery would reduce their cholesterol levels to a greater 
degree than those followed up fewer times. 

The truest test of the effect of follow up counseling would, 
of course, be comparisons between counseled and noncounseled groups, 
but since everyone was counseled at least once (even if not followed 
up) we could only test for the effect of relative frequency. 
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METHOD 


Employees at Headquarters and GEFC were given summaries of 
laboratory findings and other diagnostic tests shortly after their 
routine physical examinations. At that time, they were advised to 
take remedial steps to correct any coronary risk factors which 
appeared significant. In the instance of elevated cholesterol, 
i.e., levels greater than 250 mg/$, they were instructed to sub- 
stitute polyunsaturated fats for saturated fats in their diet and 
to limit their intake of food with high cholesterol content. If 
they are obese they are also advised to reduce their calorie intake 
until they have regained their normal weighs. Pamphlets containing 
the calorie values and polyunsaturated- saturated fat values of 
various foods are given to these men along with specific daily 
diets recommended by the American Heart Association. They are 
then informed that they will be recalled in about three months for 
another blood test to measure their progress in correcting the 


cholesterol risk factor 



After three months, the nurse calls the employee in for a repeat 
cholesterol measurement and during a subsequent follow up visit the 
patient reports how well he has maintained his diet. The physician 
then jud $es whether the degree of improvement in cholesterol level 
warrants a stricter diet or simply the continuation of the current 
one. This procedure is repeated at three-month intervals as long as 
the patient continues to show seme improvement but still remains 
above 250 mg/$. If the patient shows no improvement under a very 
strict diet then he is referred to his private physician for possible 
drug therapy. 

In the present study, routine laboratory reports on men who were 
tested for cholesterol level as part of physical examinations between 
January 1968 and January 1970 at HQ and between April 1968 and April 
1970 at GSFC were surveyed for cases where the level was reported as 
greater than 299 mg/$. Although dietary counseling is given to those 
whose level is greater them 250, this higher level was chosen because 
counseling is emphasized more for those over 299? and because the 
likelihood of including an atypical elevation from a basically normal 
person was reduced. Tho«e who had reported greater than 299 mg/^ were 
alsc eliminated as having an atypical peak if the pre-elevated, ele- 
vated and post-elevated cholesterol level report averaged to less 
than 250 mg/$. If no pre-elevated report was available, the elevated 
measure was taken as valid. 
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linety-four cases froa HQ and UA cases tram GSFC were thus 
obtained. After deleting those cases who bad either left NASA, were 
on leave, had never been retested, were atypical or were not inter- 
ested (See Figure 1 for frequencies) 152 cases reaaiaeu. These 152 
Men were given wall questionnaires asking that to rate their dietary 
effort after each tine they were retested and counseled. Although 
the levels reported on successive follow ups were available on a 
hidden slip, 87 percent of the respondents rated their effort without 
the help of actual, levels. One the sane fora they reported if they 
had taken Medication to reduce cholesterol, and also filled out a 
three-iten Measure of the coronary prone personality (Type A) developed 
by French. ^ (See Figures 2, 2a, and 2b. ) 

Since hypercholesterol eala can be caused by other, aore prinary 
conditions (See Table 1) those cases whose health record showed the 
presence of these conditions (i.e., diabetes, hypothyroidisa, etc.) 
were deleted froa the analysis. Anyone using drugs to reduce choles- 
terol w as also eliaiuated. (See Figure 3 for frequencies.) 

Thus the final select pool consisted of 69 subjects froa HQ 
and 68 froa GSFC. The variables included In the analysis were: 

1. Frequency followed up and counseled after initial counseling. 
(Varied froa 0 to 3 follow ups.) 

2. Average level during the 12 Months after the year counseled. 

(■g/i) 

3. Expected seasonal variation (scaled froa +2 for large 
expected increase to -2 for large expected decrease due 
to season alone). 

k. Age - (by year of birth). 

5 . Self-rated sotivation - Counseled year (varied froa 1 to h). 
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6. Self -rate activation - After counseled year (varied from 1 
to 4). 

7- Coronary prone personality scale (possible scores ranging 
from 3 to 15). 

8. Amount reduced between first counseling and second year. 

(W%) 

9* Initial level at beginning of counseling (ag/£) - to control 
for the possibility that the sore a person was up, the more 
he oame down, regardless of what happened to him. 

RBSUL3S 

Despite the broad range of amounts reduced within each frequency 
of follow up, the effect of continued follow up seemed evident in this 
sample. Age, expected seasonal changes, and coronary personality 
score, all previously found related to higher absolute levels, were 
not foimd related to amount reduced over a one-year period of counsel- 
ing. Frequency of follow up, however, was found related to amount 
reduced (P K .01) (see Figure 4). 

The difference between the amount reduced at different frequen- 
cies of visits is significant (P < .05) even if the fourth group (with 
small 9) is deleted from the analysis of variance. The beneficial 
effect of frequency is evident even after the effects of initial level 
are held statistically constant (via covariance). Although there was 
no significant difference in cholesterol level between groups seen for 
different frequencies of follow up at the begt.nn1.ng of counseling (see 
Figure 5) there war a highly sign 11 leant difference at the end of the 
counseled year (P < .01). 
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Self-rated motivation also had a significant relationship (P < .05) 
to frequency of follow up with those seen more frequently reporting 
higher diet motivation. (See Figure 6.) 

An intercorrelation analyses of the variables showed that motiva- 
tion during the year counseled also Increased with initial level and 
amount reduced. (See Table 2.) 

The size of the correlation between frequency of follow up and 
amount reduced after holding Initial level constant (by partial corre- 
lation) was a significant .26 (P < .01), showing the independent con- 
tribution of follow up frequency to amount reduced. 

A correlational analysis of the variables within each of the two 
sites used in the study showed the expected seasonal variations at HQ 
(r=.29, P < .05), and a trend at Goddard for older persons to reduce 
more (r=.24, P K .05) • The only correlations with aaoutt reduced to 
remain significant in both total sample and within HQ and CSFC were 
initial level (r*.35, P < .001) and frequency of counseling (r=.22, 

P < .01) showing the mild but reliable contribution made to cholesterol 
reduction by frequency of follow up. 

Discussion 

The current level of understanding of the atherosclerotic process, 
as reported in the latest publication of the Inter-Society Commission 
for Heart Disease Resources, indicates that major progress in controll- 
ing atherosclerotic disease is possible only by primary prevention — 
prevention which focuses on reducing first clinical episodes by 


- 36 - 



Inhibiting the development of pre -diagnosed atherosclerosis. Even 
though the exact nature of the relationship between serum lipid 
levels and the atberoscherotic process is not yet fully understood, 
the strength of the relationship, as established in mnerous animal 
and human studies, dictates that practical dietary measures aimed at 
reducing sens lipids are surely warranted at the present time. 

The beneficial effects of diet modification on most cases of 
hyperlipidemia has been well established. Even though many personas 
with elevated lipid levels will not return to normal levels by dietary 
effort alone, most will at least have a substantial reduction in these 
levels.^ Ibis previous finding has been confirmed by the present study 
where persons at all frequencies of counseling bad marked reductions in 
cholesterol level. If the relationship between sertra lipid levels and 
risk of coronary heart disease is indeed continuous, as the Commission 
Report indicates, then the health of the HASA population has been sub- 
stantially improved by this dietary counseling. It is likewise encour- 
aging to see the progressive reduction in cholesterol levels and the 
increased motivation among those patients who are seen more frequently. 
Despite the great variation in persons' individual response to diet 
counseling, the "weight watcher" effect does seat operative in this 
population. 

The effect of age in the GSFC subpopulation was the opposite of 
that anticipated with older persons reducing a greater amount. This 
effect confirmed a general finding of last year's GSFC presentation 
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on hypertensives which indicated that older persons are likely to 
maintain a more conscientious effort in reducing coronary risk 
factors. This positive influence of age on cholesterol reduction 
may not be apparent if one considers absolute level alone since last 
year's GSPC report showed that the absolute level among older persons 
was higher even after dietary efforts. Since the population discussed 
last year, however, included all persons above 250 mg Ji», the simplest 
explanation may be that compared to younger persons, older persons 
are more likely to reduce if their elevation is pronounced, i.e., 
greater than 300, than if they are closer to their own normal age 
limits. 

The apparent absence of any relationship between coronary proned 
personality Type A and amount, reduced in this study nay be due to the 
brevity of the questionnaire. On the other hand, the relationship 
between this personality type and elevated cholesterol previously 
found in nonrestricted populations may not show up in this markedly 
elevated group. For all practical purposes then, this factor can 
probably be ignored in follow up counseling unless the patient's life 
style manifests extreme Type A behavior patterns. In that case per- 
sonal as well as dietary counseling is appropriate. 

A prospective study would be necessary in order to elaborate on 
these findings more fully. A control group of persons with elevated 
lipids, for example, should receive no counseling at all until after 
the year long experiment is completed, while other groups should be 
counseled at different frequencies during that year. The effect of 
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age and seasonal variation on the amount reduced, which proved signi- 
ficant in the GSFC and HQ sub populations, respectively, should also 
be examined for a cleaier analysis of their influence. 

A more important variation on the present design would be the 

inclusion of pfaenotyping of all personnel by means of the simple 

method outlined by Fredrickson. * ° From routine determinations of 

cholesterol, triglycerides and plasma appearance, persons could be 

placed into phenotype groups. At the end of one year, these groups 

could be compared for the percentage of persons within each type able 

2 

to reduce more than 10 percent of their total lipids by dieting for 
the average amount of reduction attainable within types by diet alone 
among nonfamial types 3 for the absolute elevation of cholesterol and 

i 

triglycerides characteristic of each type before and after dieting,** 
the percentage of each type reducing so much that they show a normal 
profile ^ and for the effect of different drugs recoranended by private 
physicians for the different endogenous types. 

A longer term outcome of this endeavor would be an estimate of 
the relationship between uncontrolled (versus arrested) hyperlipidemia 
both across and within types and subsequent episodes of coronary heart 
disease. The scientific yield of such a study would surely justify 
the additional effort required, specifically, in laboratory work, in 
repeated lipid measurements, in closer diet monitoring, and in an 
occasional electrophoresis where Fredrickson's method left some doubt 
concerning phenotype. 
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For the present, we should simply note that while medical science 


has not yet discovered the clear causal relationships between diet, 
serum lipids and coronary heart disease, progress has been made in 
showing a sequential covariation in their increase and decrease. 
Armstrong, et al., for example, have recently shown that among primates, 
there is a regression of coronary atherosclerosis with the cessation 
of a high cholesterol, high saturated fat diet. 9 Similarly, three 
prospective studies on human subjects, reviewed in the Inter-Society 
Commission's Report, have shown a consistent reduction in coronary 
heart disease mortality among groups who were on low saturated fat, 
low cholesterol diets. ^ Though incomplete design and small numbers 
made these human studies inconclusive, their consistency gives us 
promise that current efforts expended in NASA's preventive medicine 
programs will significantly reduce the future incidence of coronary 
heart disease among men counseled at our installations. 
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Figure 1. 

Breakdown by Frequency of Reasons for Nonparticipation Among 198 Persons with 

Hypercholesterolemia 



REASON FOR NONPARTICIPATION 

SITE 

LEFT NASA 

TRAVEL OR LEAVE 

NOT INTERESTED 

ATYPICAL PEAK OR INCOMPLETE DATA 

.V r 

HQ 

3 

10 

5 

5 

GSFC 

7 

6 

3 

7 

TOTAL 

10 

16 

8 

12 

















Figure 2. QUESTIONNAIRE TO PARTICIPANTS WHILE 

WAITING FOR BLOOD TEST 

For several years the health service has been giving blood tests. In 
at least one of these tests you showed an elevated cholesterol level. 

In order for us to tell you whether the elevated cholesterol level is 
the result of heredity, a consistently faulty diet, or simply of a 
normal day-to-day fluctuation, we would like you to rate your conscious 
effort to reduce your cholesterol level by diet over the times we have 
seen you. We have listed only the dates and eliminated the actual 
levels in order to keep them from influencing your estimates of your 
effort. (For example, you might say, "I must have tried in this period 
because I came down," or "I mustn't have worked very hard because I 
didn't come down.") Since we want to prevent this, only the dates are 
listed with a space for X's under each date for your response. It 
may be hard to remember from dates alone but if you start at the present 
and fill in the ratings going back in time, it may be easier to do. If 
you can remember the times only because you remember the doctor's 
report of the elevated or reduced level, then tear open the attached 
envelope and look at the levels along with the dates. In general, it's 
better to make a general estimate of your effort (without looking nt 
levels) if you can remember the time period at all, but if you can't 
it's better to have the actual levels help you than to make a wild guess. 
If you must look at the levels for some or all of your effort ratings, 
then make your rating with a check ( ) instead of an ( X ) whenever 

you do this. Try to use the values only to help your memory of your 
effort. If you allow them to influence your answers when you really 
can’t remember your effort at all, then the information we give you about 
your health will be to that extent invalid. If you tried to diet part 
of the time between tests but not all of the time, make a mental average 
of your effort and rate that. 



Figure 2a 


Remember, place (X's) for estimates made without the help of the 
levels and ( v'' 's) for those made with It, blanks for no recall 


NAME 


DATE 


DATES YOUR 
CHOLESTEROL 
LEVEL WAS 
MONITORED 


YOUR RATED EFFORT 
AFT® THAI 1 REPOTTED 
LEVEST 

I strictly limited 
my diet 

I made a moderate 
but continuous 
effort to cut out the 
specified excesses 


I cut down on a few 
things when I 
thought of it 


I really didn't try 
to control my diet 
in any additional way 


If you ever took any 
medication to reduce 
cholesterol please 
indicate the approxi- 
mate inclusive dates 
here — — • - > 











ngure Zb 


JOHN 


DICK 


JOHN IS THE KIND OF P^SON WHO CONSTANTLY 
STRIVES TO ADVANCE IN HIS JOB. THIS 
OFTEN MEANS TAKING ON EXTRA ASSIGNMENTS, 
BUT JOHN DOESN'T MIND THAT. 


DICK THINKS HIS PRESENT POSITION IN THE 
ORGANIZATION IS QUITE SATISFACTORY. HE 
DOESN'T FEEL A NEED TO GET AHEAD. AS IT 
IS, HE HAS ENOUGH WORK TO DO WITHOUT SEEKING 
MORE. 


TT 


HI 


□ 



I am like 

I em more like 

am halfway 

I an 

more 

like 

I am like 

John 

John them Dick 

between John 

Dick 

them 

John 

Dick 



and Dick 







BILL 

BILL CAN'T UNDERSTAND HOW SOME .TOPI£ CAN 
BE SO SLOW IN GETTING IN REPORTS AND OTHER 
DOCUMENTS. IT IRRITATES HIM. IF IT WERE 
HE, HE WOULD WORK ALL NIGHT TO GET THE JOB 
IN ON TIMS. 


MIKE 

MIKE FEELS THAT THERE ARE LIMITS TO THE 
AMOUNT OF TIME ONE CAN SPEND ON A JOB. 

HE DOESN'T BECOME ANNOYED IF SOMETHING IS 
IATE IN ARRIVING AT HI1 DESK. HIS FEELING 
IS THAT IF ONE PUTS IN HIS EIGHT HOURS, HE 
IS DOING HIS BEST. 



m JIM 

ED DOESN'T LIKE TO FEEL THAT HE IS BEING ifli FEEIS THAT HIS JOB IS JUST LIKE PARTICI- 

COMPARED TO OTHERS WHEN HE DOES HIS WORK. PATING IN SPORTS BACK AT SCHOOL. THERE IS 

FOR HIM, A JOB IS A JOB, AND THE LESS LOTS OF OPPORTUNITY FOR RECOGNITION. JIM 

INVOLVED ONE IS IN GETTING AHEAD, THE ALSO FEEIS THAT ONE CAN LIKEWISE BE COMPETITIVE 

MORE AGREEABLE RELATIONS CAN BE WITH IN STRIVING AHEAD OF COLLEAGUES. 

ONE'S COLLEAGUES. 



I an like I an more like I an halfway I am more like I an like 

Ed Ed than Jin between Ed Jim than Ed Jim 

and Jim 



Figure 3. Breakdown by Frequency of Reasons for Noninclusion 

Among 152 Study Participants 



REASON FOR NONINCLUSION 


TAKING 

SECONDARY 

SITE 

MEDICATION 

HYPERCHOLESTEROLEMIA 

HQ 

1 

) 

GSFC 

8 

5 


TOTAL 





AMOUNT REDUCED 
DURING COUNSED 
YEAR 


Figure 4. Mean Cholesterol Level Reduction During the First Year of 
Counseling Among Groups Seen for Different Frequencies 

of Followup Visits 



FREQUENCY OF FOLLOWUP ViSITS 



CHOLESTEROL 


Figure 5. Actual Mean Cholesterol Levels at the Beginning of 

Counseling and After the First Year of Counseling 

Among Groups Seen for Different Frequencies of 

Followup Visits 
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Figure 6. Self Rated Motivation During the First Year of Counseling 
Among Groups Seen for Different Frequencies of Followup 

Visits 
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STRESS STUDIES AT KESHEDY SPACE CEHTER 
A BACKWARD AHD FORWARD LOOK 


A. I. Decker, M.D. 

Medical Officer 

Pan American World Airways, Inc. 
Occupational Medicine /Environmental Health Services 
Kennedy Space Center 
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Since 1968, Kennedy Space Center Occupational health Services has 
carried out an active program cf electrocardiographic stress testing. 
This has included three procedures: 1) Double Master 2-step test, 

2) the dynamic ECG technique utilizing Avionics equipment, and 3) to 
a lesser extent, submaxiraal stress testi:ig with a Marco bicycle ergom- 
eter. Our experience now totals dual exams (Double Master and DECG) on 
some 1,000 individuals. Since some of these persons had tests done on 
more than one occasion, the total number of dual examinations has 
reached perhaps 1,500 or more. 

We have discussed at K3C the possibility of correlating our DECG and 
other test results with the myocardial infarction experience in our 
aerospace workers over the same interval of three years. However, this 
would presently necessitate review of the records of the four local 
hospitals, since retrieval of appropriate data from the Form 1375' s is 
not possible — at least at KSC itself, T think that Dr. Laurent LaRoche, 
Pan Am' s KSC Medical Director, will bear me out i.i „ris regard. 

Retrieval from the 1375 seems generally unsatisfactory for clinical 
data; this is most unfortunate because we have sane 25,000 records 
current enough for study — a really sizeable sample. To elaborate on 
this, you will recall that there are two separate medical facilities 
in our area — one on Cape Kennedy proper and the other just adjacent to 
the west on Merritt Island, the two facilities being separated by the 
beautiful and bountous Banana River. Prior to March 1, of this year, 
the Cape Kennedy medical unit was directed successfully by Dr. LaRoche 
over a period cf 1? consecutive years, operating with a contract between 
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Pan Am and the Air Force. The Merritt Island facility at KSC vas 
operated by TWA under a contract with NASA. Since March 1, both of 
the medical and environmental health ’in its have been run by Pan Am. 

It's interesting to note that Pan Am's medical records, through the 
years, have allowed for prompt retrieval of all relevant medical data 
such as the type we would like to study. This does not seem to be the 
case for the TWA records, at least on site, via the use of the 1375' s. 

Over and above correlation of our stress study results with the 
myocardial infarction experience, I have a continuing hope to analyze 
all our data in retrospective fashion, much as Dr. Fleck has done at 
NASA Headquarters. In his presentation at the Cambridge meeting last 
year, he expressed a desire to "sample other similar and dissimilar 
occupational groups at the various NASA centers." We would certainly 
like to participate in such a study since it would surely help to 
delineate even more reliable coronary risk factors as well as other 
meaningful medical parameters . 

Incidentally, with regard to coronary risk indices, we and probably 
many of you have just about abandoned the Double Master 2-Step test 
because we feel it is of little value in a basically healthy work force 
such as at KSC. We plan to expand greatly the use of submaximal stress 
i-esting, especially utilizing the treadmill instead of the bicycle 
ergameter. 

The dynamic ECG experience has been fascinating to me, especially 
since I had not seen the technique applied to a population sample 
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similar to our work force (we have done this test almost entirely on 
males, age 40 to 60). In particular, T was struck by the frequency of 
startling ST-T changes occurring in presumably normal men as their 
cardiac activity is monitored with a bi-polar or lead throughout 
a larg° portion of a work day. Perhaps the cause of these changes has 
not been clarified in the literature; if so, I have missed it. If not, 
some effor^ should be made to assess their significance. It is hard 
for me to believe that these are mostly physiologic and therefore 
require no study. Let me amplify this with some slides: 

The first four slides reflect a dynamic ECG study on a 46 year old 
man who is overweight, normotensive, asymptomatic for heart disease. 

He does have abnormal T -waves in leads V^-Vg of his resting ECG and he 
has a distinctly abnormal double Master ECG. Note the obvious ST seg- 
ment depression in the second DECG strip. I think you would agree that 
this is cons. stent with myocardial hypoxia. 

The next slides represent two DECG's, taken about four weeks apart, 
on a 40 year old man who is markedly overweight, normotensive, asympto- 
matic. His resting and Double Master ECG's are normal. Note that the 
DECG of January is quite normal, the February DECG strikingly abnormal. 
These DECG's were done by the same method, with the same equipment, by 
the same technologist. A DECG done four months later was again normal. 

The next slides are on a 50 year old man who has well-documented 
ischemic heart disease with half -block angina. He has a normal resting 
ECG but clearly abnormal Double Master Test. And note the classically 
"ischemic" ST-T changes in much of his record. But they are indis- 
tinguishable from the changes seen in the previous tracings. 


- 53 - 



Finally, the lasl slides are on a 47 year old man who had. an acute 
myocardial infarction six months ago. At this time, note that his DECG 
is auite normal, as are his resting and Double Master ECG's. 

So we have striking ST-T changes in a man who presumably has nc 
heart disease, no ST-T changes in a man who has trad a heart attack and 
so on. This is apparently an area which needs further study. Cne im- 
portant observation is that, if we are restricted to looking cnly for 
rhythm disturbances as a manifestation of heart disease on the DECG's 
wf are severely compromised because these have been rare in our experi- 
ence. By contrast, the ST-T changes have been surprisingly common; 
they would therefore be much more meaningful if indeed we car elucidate 
their significance. 

This brings us to consideration of some of the technical problems 
we are encountering, and perhaps their solution. With the dynamic ECG's, 
it has been suggested that the Holter tape recorder (or the way we use 
it) has enough built-in electronic distortion to account for the ST-T 
changes just shown. I tend to doubt this but we hope to clarify the 
situation by calling on the expertise of the NASA bio-instrumentation 
people. This, in a general sense, is deserving of serious study. By 
this, I mean that, if the astounding technological knowledge presently 
existing at the Space Center can be brought to bear on our measurements 
of physiological and patbo-physiological parameters, a meaningful con- 
tribution to the life sciences might be made. 
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Similarly, we are having trouble in producing a consistently clean 
and clear display with treadmill exercise. We now have to stop the 
treadmill for 10 seconds out of every minute so as to record cardiac 
activity legibly. We have been unable to establish whether this is due 
to unavoidable interference from chest muscle noise or from machinery 
noise or w*- ether perhaps we just need more sophisticated equipment. 

The muddled baseline has occurred with various configurations of tread- 
mill recording — that is, with a telemetry technique, with the patient 
hooked up to a CardioCorder, or with the patient hooked up directly to 
the ECG. Here we have turned for advise and help to NASA's telemetry 
specialists who probably know as much about this sort of thing as 
anyone in the world. I have every confidence in their ability to solve 
our problem. If they find a comnercial piece of equipment doesn't meet 
their needs, they modify it or build one of their own. In sunmary, we 
have at hand all the skillful help we need in such areas as telemetry, 
instrumentation, computer know-how and So on. We hope we can use it. 

Now, in addition to the respective study previously mentioned, we 
at KSC have been discussing a much more ambitious evaluation of the 
Space Center work force, this study to be prospective and open-ended. 

We have been interested in such a study for some time but much recent 
impetus has teen received via a rather chance contact with Dr. Robert 
Eliot, a cardiologist on the faculty of the University of Florida and 
the staff of the Gainesville VA Hospital. Dr. Eliot has expressed 
great interest in such a study and has enlisted the aid of the Uni- 
versity's Director of Community Medicine and of a Ph.D. faculty member 
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who is a behavioral scientist. Also, Dr. LaRoche has leant his active 
support in this proposed effort. After some discussion it is presently 
planned to set up an on-going surveillance of a selected population 
sample of the KSC working force. The study would hopefully establish 
a meaningful "look" at the relationship, or lack thereof, between life 
stresses and ischemic heart disease. As our University of Florida 
friends phrased it, we could thereby "test a prediction model of coronary 
heart disease within the context of a tightly controlled, relatively 
homogeneous population." The tentative plan is to monitor the infarc- 
tion rate of an employee sample as compared to a non-inf arct ion sample, 
at the same time controlling for variables such as age, sex, past health, 
job responsibilities, family patterns, personality structure, and so on. 
Dr. LaRoche has pointed out that the work force at KSC and Cape Kennedy 
is one of the very few employee groups whose job security varies inversely 
with the success of their efforts. The more diligent and skillful these 
people are or become, the more likely that their job will be phased out. 

If this sounds wrong, think a minute of the various weapons systems per- 
fected to deployment stage. Each was superseded by another company, 
utilizing mostly their own employees with the addition of seme others 
from the company which had developed the earlier system. This leads to 
almost a built-in stress factor which premeates the entire work atmos- 
phere throughout the area. This problem will be expected to intensify 
considerably over at least the next two years. And this stress is not 
notably ameliorated by what is seemingly the Federal government's current 
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philosophy regarding contracts with private industry. You will recall 
my description of the two separate health services contracts prior to 
March 1 of this year: Pan Am and Air Force at Cape Kennedy, TWA and 

NASA at KSC, these two changing to a combined contract with Pan Am only. 
In opening up the bidding for this contract, NASA made it abundantly 
clear that cost reduction was a very important factor. To bid success- 
fully, Pan Am had no choice but to propose reduction in personnel and 
personnel costs. As a result, even long-time employees, leaving work 
Friday under the old contract returned to work the following Monday 
under the new contract — as brand new employees with consequent major 
reductions (up to 40$) in pay plus loss of seniority and loss of their 
accrued fringe benefits. This sort of thing does not warm the cockles 
of an employee's heart. This philosophy extends to some of the much 
larger government-industry contracts at KSC and the Cape and has dealt 
quite a blow to the economy of the area. And, of course, all of this 
occurred at the time there was a substantial across-the-board pay 
increase for Civil Service personnel. Perhaps the most striking inci- 
dent in the change of health services contract involved an industrial 
hygienist working for TWA. He was making $16,500.00 yearly when his 
job disappeared with TWA's loss of contract. Under the new contract. 

Pan Am could offer him as a new employee only $10,600.00 yearly. At 
the same time he had in his pocket a Civil Service GS-13 rating (salary 
range $17,76l-$23,o89) . Therefore, is NASA KSC had had an opening for 
this man they would have hired him at more than he was getting at TWA. 
However, the contract they reviewed and accepted would allow him a 
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salary only about half what they themselves indicated they would pay. 

Finally, this is a continuing process, in that these contracts are 
usually set up for a specific period of time and are open to competi- 
tive bidding periodically. Therefore, in the present context, it is 
very difficult for an employee to anticipate ary job security per se, 
let alone any continuation of the benefits that he accrues through long- 
term service with any given company. Young people can perhaps absorb 
this type of uncertainty to some extent; however, the KSC work popula- 
tion is steadily aging; it is easy tc imagine how stressful this situa- 
tion can be to men in their late Uo's and early 50* s. This is all 
simply to say that, if a meaningful stress study is to be carried out, 
it would appear that Brevard County in Florida is a good place to do it. 

In summary, we have had an interesting but as yet an unevaluated 
past experience with the aerospace industry at Cape Kennedy and Kennedy 
Space Center. We are presently involved in attempting to put together 
a rather intensive, sophisticated and on-going study of the possible 
relationship between occupational and other stresses and ischemic heart 
disease. To 1 Jlp overcome any technical problems we encounter, we hope 
to take a look at some new equipment and to call on the remarkable 
expertise of the aerospace technicians and engineers. 

Perhaps as the space effort diminish 's, the as t rounding technology 
of that effort can be brought go bear on another major priority — improve- 
ment of the human condition. Finally, I would like to urge a continuing 
and inci easing coordination of the efforts of the various NASA centers. 

If we embark on any joint projects, it is important that we concentrate 
cn uniformity of policies and procedures so that results will be as 
meaningful as possible. 
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INTRODUCTION 


Ventricular premature beats (V.P.B. *s) are not an uncommon finding in 
routine electrocardiographic examination.* If found in an apparently asymp- 
tomatic and otherwise healthy individual, the general and widely accepted 
opinion of most physicians is that, while they do have some generally undesir- 
able clinical significance, they are extremely common and, in themselves, cer- 
tainly have no ominous or otherwide de liter ious meaning. 

On the other hand, the appearance of the V.P.B. during the course of 
acute myocardial ischemia or infarction is certainly a reasonable cause for at 

least some concern, since, as is well-known, these premature beats are harbingers 

2 

of serious and potentially lethal arrhythmias. However, the sudden develop- 
ment of V.P.B. 's in the patient who has just experienced an acute myocardial 
infarction cannot be viewed in the same light as the slow, indefinite initia- 
tion of the same arrhythmia in the "well" individual during the course of his 
normal daily activity. 

Nevertheless, two fairly recent studies have indicated that the presence 

of V.P.B.'s is associated with higher prevalence rates of both coronary heart 

3 4 3 4 

disease and sudden death. * Chiang et a_L. and Hinkle ej: al. reported on 

mortality among those patients with frequent V.P.B.'s as being 6.1 time.: and 
10 times, respectively, greater than that cf patients without this electro- 
cardiographic finding. 

A higher mortality rate with acute myocardial Infarction has also been 
noted when V.P.B.'s have been present before the acute episode. Insurance 
data have also indicated a small, but definitely increased, mortality risk in 
the presence of V.P.B.'s. The present study was therefore undertaken l: study 
the relationship of V.P.B.'s to mortality in acute myocardial infarction among 
those patients who entered the Lahey Clinic patient population and to report 
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on the results obtained therefrom. 

PATIENTS AND METHODS 

The individuals included in the present study were selected from among 
those patients who had electrocardiographic examination as part of their medi- 
cal work-up at the Lahey Clinic Foundation during the one year period from 
January 1, 1967 to December 31, 1967. Twelve thousand, seven hundred and 
forty-seven (12,747) electrocardiograms (E.C.G.'s), or essentially all E.C.G. 
studies performed during this period, were reviewed. 539 (4.2%) of these 
showed the presence of V.P.B. 's and were selected for inclusion in tne present 
test group. On the basis of a careful review of all medical histories as sub- 
sequently obtained on these patients, th study group was divided into the 
following ten categories by the primary medical diagnosis: 

a. Cancer 

b. Myocardial Infarction, either present or by history 

c. Angina Pectoris 

d. Other manifestations of Coronary Heart Disease: Atherosclerotic 

Heart Disease (A.S.H.D.), Conge ive Heart Failure (C.H.F.), Atrial 
Fibrillation (A.F.), or Heart Block (H.B.) 

e. Hypertension 

f. Valvular Heart Disease 

g. Diabetes Mellitus 

h. Pulmonary Disease 

i. Gastrointestinal Disease 

j. Other Miscellaneous or No Definite Condition 

Where there was more than one diagnosis present for any single patient, 
the one that was most serious and centlally lethal was selected for purposes 
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of grouping. The subgroups and number of patients in each group are listed 
in Table I. 

Control patients were also selected from the sane 12,747 patient popula- 
tion group. In each case, the control patient was matched with a test group 
nenbcr by sex, decade of age and potentially most serious diagnosis. The only 
difference between test and control group members was that Che electrocardio- 
gram of the test subject shoved one or more V.P.B., while the electrocardiogram 
of the control subject did not. A certain number of patients in each category 
could not be matched because of a lack of additional sufficient patients hav- 
ing identical sex, decadr of age and diagnosis descriptions. However, in 
total, the number of unmatched patients represented only 7.6Z of all patients 
studied. 

Follow-up of all patients va; achieved through a medical questionnaire 
sent directly to those individuals studied. Where the patients failed to 
reply, the same questionnaire was sent to their respective physicians, rela- 
tives, friends, etc. Additional help was also required from the records of 
the patient's city clerk office, postmaster, employer a**d employees union. 
Finally, results on about l 01 of the patients were determined from telephone 
calls to the patient or to a relative or friend. In this regard, the record 
of the patient, as available at the Lahey Clinic Foundation, was of signifi- 
cant help and provided much of the above listed information In all, the 
ultimate course in 9 patients out of 1,037 individuals comprising the test and 
control groups could not be determined (less than IZ of the total studied). 
Patient follow-up was completed between October, *.9 70 and January 13, 1971. 

All patients ueceaseo by December 31, 1970 were included for purposes of 
analysis. 
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RESULTS 


Of the 12,747 electrocardiograms reviewed, 539 showed the presence of 
one or more ventricular premature beats on the mounted twelve lead electrocar- 
diographic record for a prevalence rate of 42/1000. In 90 patients these wen 
categorized as frequent (8 or more in a 12 lead electrocardiogram). 

The number of patients in each decade increased progressively from the 
second decade of life to the seventh decade. Patients were present up to the 
ninth deccde. Most patients fell m the forty-first to eightieth year, with 
the largest number in the sixty-first to seventieth year age grouping. The 
group included 337 males and 202 female patients. The sex ratio was more than 
3 males to 2 female patients. 

Table I, which shows the various disease categories and number of patients 
in each category, is further divided into a cardiovascular group (A) and a 
remaining or non-card iovascular group (B). There were 221 patients in group 
A, comprising more than 401 of the total group. The miscellaneous group 
included a number of medical and surgical disease entities — representing a 
smaller number of cases in any single disease classification — as well as 
those patients who presented to the Clinic without any significant disease. 

Follou-up was obtained on 99.4% of the patients in the study group (those 
having V.P.B.'s) and on 98.8% of patients in the control group (those witnout 
V.P.B.’s). 

Study Group 

92 patients in the study group (17.1%) died during the follow-up period. 

A large number of deaths occurred in the age group from 51 to 80 years, with 
the pe«. ’ing during ages 61 to 70. There were 70 males and 22 females out 
of 539 members of the test group who died, showing a significantly higher 
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incidence of death rate among the male patient population. 

Control Group 

53 patients out of 498 members of the control group died. The mortality 
rate was 10. 7Z, which was significantly lower than the study group (p < .01). 
Again, the maximal number of deaths occurred in the age group from 51 to 80 
years, with the peak being in the ages 61 to 70. More male patients died than 
females (41 to 12), with this ratio being similar to the test group. The deaths 
in each category showed the same pattern as in the study group, with a maximal 
incidence in the cardiovascular disease group (34 out of 53 neaths). 

The Electrocardiogram 

All electrocardiograms were analyzed in the study and the control groups 
for abnormalities other than the V.P.B. The presence of any of the following 
abnormalities constituted an abnormal electrocardiogram: left axis deviation 

of *33° or more, pattern of left ventricular hypertrophy by voltage criteria 
of ST-T change, left bundle branch block, right bundle btanch block, right 
axis deviation (more than +100°), intraventricular conduction delay, atrial 
flutter or fibrillation and ST-T change. 

Out of 539 patients in the study group, 289 had normal electrocardiograms 
in the presence of V.P.B. 's. In 250 individuals from this group, one of the 
above abnormalities was present, either singularly or in combination. 54 
had left axis deviation (L.A.D.); 46 had left ventricular hypertrophy (L.V.H. ); 

8 had left bundle branch block (L.B.B.B.); IV had right bundle branch block 
(R.B.B.B.); 28 had atrial fibrillation (A.F.) and 78 had ST-T wave changes. 

The electrocardiographic abnormalities were more prevalent in those patients 
having cardiovascular disease. 

In those patients in the study group who died, 761 had an abnormal electro- 
cardiogram ami. In the case of only 24%, was the tracing normal. The 
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electrocardiographic abnomaliti.es and number of deaths are depicted in Table 
11. Out of 46 patients with an electrocardiographic pattern of L.V.H., IS 
died (321). Ten out of 54 patients with L.A.D. died (18.5%). Three out of 8 
patients with L.B.B.B. died (37X), and 7 out of 19 patients with k.B.B.B. died 
(361). It was most interesting that 18 out of 45 patients having electrocardio- 
graphic evidence of a previous myocardial infarction (401) were dead at the 
time of the follow-up period, between 3 and 4 years later. 

In the control group, 31 patients had an abnormal electrocardiogram, and 
Table II notes these findings. In th* : patients in the control group who 
died, 58% had an abnormal electrocardiogram, while 42% had a formal tracing. 

It was interesting that only in the case of patients with L.V.H. did a larger 
percentage of patients in the control group die (561 vs. 32Z). In all other 
cases, the percentage of deaths was smaller in the control group as compared 
with the test group. Only in the case of L.A.D. were both percentages essen- 
tially the same (18.5% and 25%). 


DISCUSSION 

Ventricular premature beats are not an uncommon finding in routine elec- 
trocardiogram examinations. In clinical practice a majority of patients with 
V.F.B.'s are not found to have organic heart disease. The prevalence rate in 
any study will greatly vary with age, sex and type of population studied. 
Chiang et al. noted an incidence of 3.5% in the Tecumseh Epidemiological Study 

3 

in their subjects 16 years and older. They noted increasing incidence with 
age. Our analysis was on a clinic population, and it showed the incidence of 
4.2%. He also noted the age trend of increasing frequency in higher age 
groups . 

Unlike other studies we have analyzed this problem farther by subdividing 
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the group of patients with V.P.B.'s into various primary disease categories 
for which they were seen at the Clinic. Of note was the occurrence of V.P.B.'s 
in the background of a wide variety of medical problems, but the highest preva- 
lence in the cardiovascular group may imply a closer causal relationship, at 
least in the higher age groups. 

Our recent experience in the coronary care unit (C.C.U.) has greatly 
increased our awareness of V.P.B.'s as harbingers of serious and potentially 
lethal arrhythmias in presence of acute myocardial ischemia. The significance 
of this rhythm disturbance in the ambulatory individual is, however, not 
clearly established. Insurance mortality statistics have indicated a small but 
definite mortality risk and a higher likelihood in presence of the other signs 
of heart disease. 

Pell and D'Alonzo noted a significantly higher mortality rate with acute 
myocardial infarction in individuals who had ventricular premature beats before 
the acute attack.^ 1. inkle and associates in studying the frequency of asymp- 
tomatic disturbances of cardiac rhythm and conduction on a random sample of 
301 employed American men (median age 55 years) noted ventricular arrhythmias 
in 62.2% of six hour recordings and reported that these were significantly 
associated with the presence of coronary heart disease (C.H.D.) with enhanced 

4 

risk of subsequent death from C.H.D. 

The Techmseh study also noted an increasing prevalence of V.P.B.'s with 

age and an association with a higher prevalence rate of coronary heart disease 

3 

and incidence of sudden death. Of the 165 persons above the age of 30 years 
with V.P.B.'s, prevalence of C.H.D. was three times more than in patients 
without V.P.B.'s. 

They also noted a six times higher incidence of sudden death in the V.P.B. 
group compared to Lhe controls, or 61 per 1,000 vs. 10 per 1,000 during the 
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six year follow-up period. They concluded that V.P.B.'s carry hazards in 
their own way, independent of other coronary risk factors and increase the risk 
of sudden death among persons with overt or subclinical coronary heart disease. 

In our present study we have investigated this problem in a more derailed 
fashion by analyzing tha underlying medical conditions and other features of 
the electrocardiogram for an indication ot both the status of the t.yocardium 
and the risk of increased mortality. Because of the general and widely held 
notion that patients having V.P.B.'s also tend to have a significantly greater 
likelihood of sudden death — with this figure ranging somewhere between 6.1 
and 10 times the non-V.P.B. patient figure J * — substantial effort was placed 
upon designing a tudy which would establish in some meaningful way the presence 
or absence of this significant relationship. 

To eliminate the effects of age, sex and seemingly unrelated disease on 
mortality, a primary goal of this research was to carefully match study and 
control group patients by age, sex and most significant diagnosis, if any. 

As noted previously, 17. IX of patients in the study (V.P.B. group) died during 
the 3-'- year follow-up period, as contrasted with 10. 7X of patients in the 
control group. It was possible to learn of results in these two patient popu- 
lations, numbering 1,037 individuals, in all but 9, or over 99X of all cases. 
**Mle ft was not possible to determine exact causes of death in these 
natients, it is estimated that deaths due to coronary heart disease comprise 
it least 60-65X of the total. Documentation of this figure can also be 
sained fiora the data of Table I which further indicates the importance of 
heart disease in determining patient course and outcome. 

In other words, in this carefully matched investigation, the likelihood 
of death in the study or V.P.B. group was or.lv 1.6 times that of the control 
or non-V.P.B. group . It should be noted that this figure, although 


-8l- 



statistically significant (p < >01), is substantially less than Che 6.1 to 

3 4 

10 times figures reported elsewhere. * Its difference from these data Is 
believed to be due primarily to the carefully controlled nature of this study 
rather than to other possible factors. 

It is also irteresting, in comparing the relative rankings of disease 
as established for this study and as shown particularly by the controls in 
Table I, that there is a progressive decrease in percentage of patients dying 
from different causes. The most notable exception is that only l of 23 con- 
trol patients with atherosclerotic cardiovascular disease died during the test 
period (4.37) as compared with 11 of 30 patients (36. 6Z) in the study group. 
Although there might be some as vet unexplained reason for this very signifi- 
cant difference, the present investigators do not present such a claim and are 
inclined to attribute this difference largely to chance alone. 

He analysed the electrocardiogram further to see if there were other 
factors in it that were important in predicting outcome. There were 289 
normal E.C.G. *s in the study group and 355 in the control group. The mortali- 
ties in these two groups were 7.57 and 6. 27, which were not significantly 
different. However, in presence of L.V.H., 32Z and 56Z of the patients in the 
study and control grot pz died during the next 3 years, a higher figure in the 
group without V.P.B.'s. 

The present study cannot yield a causal relationsnip ostween the presence 
of V.P.B.'s and increased mortclity rates. It is, however, clear that the 
incidence of V.P.B.'s increases with age and follows closely the age trend of 
the development of coronary heart disease. They are more prevalent in the 
presence of a diseased myocardium, of which it can be a manifestation — in 
the absence of other causes. Howevet , because of the nature' of our follow-ups, 
we cannot draw any conclusions on its relationship, if any, to the occurrence 
of sudden death. 
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SUBGROUPS, PATIENT COMPOSITION AND DEATHS IN EACH 


V.P. B. 



Disease Category 

Number 

Followed 

Dj. 

I. 

CANCER 

25 

25 

10 

II. 

INFARCTION 

60 

60 

24 

III. 

ANGINA 

41 

40 

15 

IV. 

ASHD, CHF 

30 

30 

11 

V. 

VAL\ JLAR 

19 

19 

4 

VI. 

HYPERTENSION 

71 

71 

12 

VII. 

DIABETES 

35 

35 

3 

VIII. 

LUNG DIS. 

50 

50 

5 

IX. 

G.I. DIS. 

39 

39 

3 

X. 

MISC. 

169 

167 

5 

TOTALS 

539 

536 

92 


CONTROL 


% Died 

Numbe r 

Followed 

Died 

% Died 

40% 

19 

19 

11 

56% 

40% 

53 

52 

12 

23% 

38. 7% 

38 

38 

10 

27% 

36. 6% 

23 

23 

1 

4. 3% 

21% 

14 

14 

2 

14% 

17% 

69 

67 

9 

13% 

8.5% 

35 

35 

1 

2. 8% 

10% 

50 

50 

3 

' % 

7.7% 

34 

34 

0 

0% 

3% 

163 

160 

J 

2. 5% 

17.1% 

498 

492 

53 

10. 7% 



SPECIFIC E.K.G. ABNORMALITIES AND NUMBERS OF DEATHS 


STUDY GROUP CONTROL GROUP 


ABNORMALITY 

NUMBER 

DIED 

PERCENT 

NUMBER 

DIED 

PERCENT 

ST-T Wave Abnormality 

78 

17 

21% 

45 

5 

11% 

L. V. H. 

46 

15 

32% 

25 

14 

56% 

R. B.B.B. 

19 

7 

36% 

10 

2 

20% 

L. B. B. B. 

8 

3 

37% 

3 

0 

0% 

L. A. D. 

54 

10 

18. 5% 

16 

4 

25% 

R. A. D. 

0 

0 

0% 

3 

1 

33% 

Atrial Fibrillation 

28 

10 

35% 

4 

0 

0% 

Myocardial Inlarction 

45 

18 

40% 

33 

7 

21% 
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"THE CORONARY PATIENT IN INDUSTRY" 


Introduction 

The purpose of this paper is to discuss the coronary patient as he pertains to 
industry and particularly to NASA. I will discuss the concept of precoronary 
care, the acute attack which may develop while on the job, and the return of 
the cardiac patient to work. The underlying theme will be the prevention of 
sudden death due to coronary disease, since we know that the majority of 
coronary patients will return to work, if he survives the initial attack. 

The problem of sudden coronary death resides not in the hospital but rather 
in the pre-hospital phase occurring within the community and within industry. 

It has been demonstrated that approximately 70Z of patients dying from coronary 
heart disease never reach a hospital. Death is frequently sudden, unexpected, 
and may be nearly instantaneous. Of the more than 500,000 persons who die 
annually of coronary heart disease, 60Z of these are sudden deaths. There are 
also about 500,000 annual hospital admissions for acute myocardial infarctio \ 
of whom 15 to 30Z die during hospitalization. At present, most of our major 
resources of research and medical practice are concentrated upon the 
hospitalized patient with acute myocardial Infarction and especially patients 
whose illness is complicated by cardiogenic shock or severe heart failure. 
Unfortunately, the prognosis of these patients is relatively poor, even if 
these complications are overcome. By contrast, it has been noted that there 
has been relatively little study of sudden death until recently, despite the 
fact tha*: these victims frequently have a reversible derangement and a good 
chance of long term survival. 
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In Che past decade, there has been an increasing emphasis on reduction of 
in hospital mortality from acute myocardial infarction. This has been 
significantly reduced primarily by the application of the concept of 
surveillance and therapy in the specialized environment of the coronary 
care unit. In an effective coronary care unit a reduction of 50Z of the 
early hospital mortality rate has already been reported. This reduced 
mortality ha been attributed to the prompt detection, effective prevention 
and treatment of life-threatening cardiac arrhythmias by means of specific 
drug therapy, defibrillation, and pacemaker insertion. The results of 
intensive research in the pathophysiology of cardiac failure and the 
development of more successful therapy may reduce this mortality in the 
future. We can now apply the lessons learned from the surveillance and 
monitoring of in hospital patients to the patient before he reaches the 
hospital. 

A major thrust in the study of this problem has been started by the Interim 
Society Commission for Heart Disease Resources under the auspices of the 
American Heart Association and United States Public Health Service. An 
attempt is being made to study the patient before he ever gets to the 
hospital, and to understand those mechanisms which may result in sudden 
death. Statistics demonstrate similar life span for patients who have been 
successfully resuscitated from cardiac arrest or ventricular fibrillation 
compared to those with similar myocardial infarction. It is important to 
keep this fact (.a mind. 
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In view of Che high mortality from acute myocardial infarction withii the 
f .st 12-24 hours after onset of symptoms, it is essential that the patient 
be brought into an optimal system of coronary care as rapidly as possible. 

There must be public and professional education regarding the early warning 
signs, and there must be some organized attempt to provide more prompt 
treatment for the patients who suffer acute myocardial infarction. The 
resources of industry should be so organized that a system of stratified 
coronary care can be implemented which will significantly enhance the 
utilization of manpower and facilities. Of course, this will vary with 
local needs and existing resources, but with effective planning this can 
be adopted to meet the needs of each community. 

First there should be some emphasis on education for early care. 

A, Public Education 

The first few hours after the onset of symptoms suggestive r . icute myo ardial 
infarction are critical since the high mortality during this time is presumably 
due to preventable and tveatable occurrence of ventricular fibrillation. 
Ideally, Individuals with these symptoms should be placed unde-* competent 
medical surveillance within on', to two hours after onset of symptoms . 

The most frequent and important cause for delay la the patient's indecision 
when he develops oppressive chest pain is lack of Information regarding the 
significance of the symptoms and the urgency for seeking immediate radical 
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care, laother factor may be cbe J tal a l of the bfortawe of chest dlscoafoit 
by the par lew t because of tie fear of Myocardial infarction and it« 
conseque nces. There nr also be misinterpretation of symptoms as reflecting 
disorders of ocher organ systems s ock as indigestion relating to stomach 
Croobk. There aay also be failure to have an established relationship or 
dsaec to the personal physician or ladastrlal physician Mho can be 
contacted at the tiar of an em e rge n cy. Finally, there aay be ignorance of 
i«w to rapidly enter the system and ether psychologic, socioecooonic and 
physic- il barriers hindering rapid entry into the systea. 

Many of these problems can be corrected by a major educational program 
directed to the e^tloyee to teach the frequency of coronary artery disease, 
the caooc early symptoms of acute myocardial infarction, nod the effectiveness 
of prompt medical care in altering the inaediate prognosis. Individuals, 
particularly those who are middle-aged and vithent a history of angina, should 
seek Immediate attention if they develop severe or oppressive discomfort in 
the retrosternal region, especially if it radiates to the arms and neck and 
does not promptly disappear. Individuals at high risk for coronary artery 
disease be i^diliec oecruse they are a particular target population 

for this educational message. This group includes those with hypertension, 
a history of cigarette smoking, hyperlipid mia and diabetes, and chose vith 
previous history of angina or infarction. /Iso, all patients at high rise 
of developing acute coronary a i: ease should be instructed in specific steps 
to take when they experience symptoms suggestive of acute nyocirdiai 



infarction k4 


t inediately rbxh their physician. 


It is recognized that expanded public education any produce a amber of 
false elans, however, the amber of lives saved should justify the 
inconvenience in cost in tens of the and dollars. 

Equally iapomt in employee education is the clear identification for 
the patient of effective pathways fur rapid entry into the system of 
emergency coronary care. The industrial physic? 'n, and these charged with 
maintaining health of the esployees. should instruct the employees regarding 
clear-cut emergency measures in time ct such illness. 

g. Professional Education: 

The health profession most recognize that more chan half the patients with 
acute myocardial infarctions have prod renal symptoms including progressive 
or crescendo chest pain within one week before the onset of acute attack 
and they frequently have consulted a physician during this time.. Solomon 
and his group have reported that of 100 patients reaching a coronary care 
unit, 65 had significant symptoms of heart disease during cue ronch prior 
to hospitalization for acute inf arc. ion. In patients dying suddenly within 
the community, prodromal symptoms presumably also occur, although the real 
incidence is unknown. Kuller et el feund that 241 of coronary lieart disease 
victims vita sodden death had seen a physician one week prior to death, 
the ugh the reasons for the visit were not determined. Is Gcteborg. Sweden, 



Tifelia noted dat 1/3 of cttunts dying soddcslv h*i seen their physicians 
within two days aM i/2 witlia two weeks preceding dtath. the k|oz 
complaint were changing anginal pattern as annscai fttigar. The Siitiao.e 
study indicated that 1/4 of all sudden death cor o n ary heart disease vie. Ins 
had irisptons lasting frsa 2 ie 2* boers . 5&en uavltnessed -Jtaths strt 
excised, 1/3 of chose ai flic tec had lot? or lasting symptoms. 

Is order tc imp rove response -f the individual sealing ieip, physicians 
and other health persccwl likely to make primary contact vlrh tie fattest 
experiencing symptoms should he educated ic rat following areas: 

A. Recognition of signs end symptoms of impending acute myocardial 
infarction. 

S. Familiarity vith conic i ty resources aad facilities so that 

definitive coronary care can be instituted rapidly as possible. 

C. Tee ability tc perform cardtc^-wlmoaery resvsdcaciou. 

D. Understanding by the physician of indication and uses cf basic 
medications and treatment of cardiac arrhythmias . 

Physicians should have available appropriate medications for the treatment 
of cardiac emergencies. Among recent proposals reroeaecded is the use to 
high risk groups of self-adaicisrered drugs such as At repine, Lidocaice, 
as soon as symptoms are recognized. However, this approach cannot be 
recommended until its efficacy has been proven by further investigation. 
However, the physician himself saould have considerable familiarity with 
such drugs as Digitalis, Lidccaine, Atropine, Propanolol, and Isoproterenol . 



It behooves chose charged rich the health care of the personnel nt the KASA. 


facilities to hne a cardiac micor on the premises so that the rate and 
rhytha of the aeart coaid be observed. There should be an electrical 
fjfiirillatcr handy sad the physician and paranedical personnel shoal be 
instructed is the proper ase of this equipment. Sot only the physician, 
bat the paramedical personnel shonld also receive ins tract Ion is the 
cardiopwl nonary resuscitative measures. Fro^c institution of sach measures 
cay be life-saving in many instances. Many years age. 9r. Claude Beck, r 
pioneer is heart surgery, coined the term ''hearts too jood tc die**. This 
applies to May individuals oho die suddenly cf coronary disease doe to 
ventricular fibrillation or ether arrhythmias. These could be promptly 
cot recces and the individual restored to a useful productive life eventually. 
Me now recognise this fa.t because we have resuscitated so suy individuals 
in hospitals acta they leave the hospital alive and approximately 70 to 891 
of these patients are ultimately able to return to their jobs. 

The Concept :f **P re -Coronary Caere": 

If the high mortality from coronary heart disease is to be significantly 
reduced is the near future, it will aost probably be by identifying and 
treating cue individual vitfc the high risk f ron sudden death before he ever 
develops the acute attac*. As stated earlier in my talk, we already 
recognize individuals with hyper teas ion , hyperlipidemia, diabetes, heavy 
cigarert* smokers, and those with a strong hereditary background having a 


g center risk for coronary heart disease, however, we now have available 



information which provides a larger I rwewrfc . fcr current act loo. 

Statistics stow that more than half cf sodd en coronary artery disease deat h s 
come from a definable group having either previous myocardial infarction, 
angina pectoris, v r known "risk factors". 

This paper is not concerned with the treatment of the hospitalized patient, 
but I do want to emphasize the urgency and importance of education and 
treatment of some of these patients prior to hospital izatioc. There is a 
compelling necessity to determine who is most threatened among the g r o ups 
suffering acute heart attacks. One net hod for determining this risk is based 
on tie hypothesis that sadden death from ventricula*. fibrillation is almost 
invariably heralded by ventricular premature beats and that the suppression 
of these ventricular premature beats prevents the occurrence of ventricular 
f ibr illation. Recent epidemiologic studies reiate the occurrence of PRC's 
to increased risk of sudd re death. Chiang and Lis co-workers from the 
Tec onset: Prospective Study repeated that over a 6 year period the sudden 
death rate among persons over 30 with FVC's was 6 times that of persons 
without PVC's. H in ckle and co-workers monitoring actively employed men aged 
55 , found that the presence of PRC's with a frequency greater than 10 per 
loOC cycles identified a group with a tenfold greater risk of cardiac death. 
Therefore, as soon as the employee has an acute heart attack at work he 
should be placed or. a cardiac monitor and ventricular premature beats should 
be specifically looked for. Administration of anti arrhythmic drugs, such 
as Lidocalne, could avert a sudden disaster. Also, aany employees actively 



waiting, and who are »r high risk, should be placed on utiarriinlnlc drags, 
especially If they have dewnstrated cardiac arrhythmia previously. 

Beturaing the Patient to Ifork: 

Sere , I would like to discuss Che natter of re tur ning the cardiac patient to 
his jtH>. Obviously, there is uo fixed tine interval following an acute 
Myocardial infarction when the cardiac patient should return to bis job. 

There are individual oifferences In the extent of dosage to the heart, plus 
the sore complex natters of the type of job to which be is returning, 
environ men tal coed it iocs , social factors, and motivation. Both industry 
and rhe medical profession need help in this area. Sot enough has been done 
in the past towards the whole problem of cardiac rehabilitation. Several 
excellent cardiac evaluation work units have been set up in various cities 
of the country, and this Is a start in the right direction. 

Various classifications have been proposed for grading occupational demands . 

A system based on peak loads has been used and generally corresponds to coxaon 
conceptions cf wL . is and what Is not heavy work. For example, sedentary work 
entails a peak load of 1.5 calories per minute or below. This weans lifting 
iu lbs. ; 2 .T ; na and occasionally lifting and/or carrying such articles as 
deckers, ledgers, and snail twois. Although a sedentary job is defined as one 
which involves sitting, a certain amount of walking and standing is often 
necessary in carrying out job duties. Jobs are sedentary if walking and 
standing are required only occasionally and other sedentary criteria are net. 



Light work implies a peak load of 2.6 to 4.9 calories per minute or in other 
words it — «"« lifting 29 lbs. wf— with frequent lifting and/or carrying 
of objects weighing op to 10 lbs. E sea though the weight lifted nay be only 
a negligible anuot, a job in this category requires standing or walking to 
a significant degree or it involves sitting most of the tine with a degree 
nf pushing or pulling of ams and/or leg controls. 

Media work implies s peak load of 5 to 7.5 calorics per minute or "lifting 
50 lbs. of with frequent lilting tnd'or carrying of objects weighing 

ap to 25 lhs." 

Heavy work, implies a peak load of 7.6 calories per slnnte and above. There 
is lifting of 100 lbs. aaxinn with frequent lifting and/or carrying of 
objects weighing up to 50 lbs. 

Evaluation and classification of each job is based on a definite ucaoer of 
studies, usually after observation of the job and for different places of 
business. Because of this, some variation is expected. I night add that 
these definitions were taken fron the Dictionary of Occupational Tides , 

Third Edition, Supplement 2, 1968, U.S. Department of Labor, Washington, D.C. 

The restrictions placed on the patient should entail a thorough knowledge of: 

1. The demands placed upon the circulatory systea by various activities. 

2. The present and future functional state of the circulatory systea. 



3. The acute and looj tan effaces of Choaa demands on the functional 
state of the circulatory systaa. 

The circulatory systaa* s respo ns e to a given level of ene r gy expenditure nay 
be modified greatly by asuy individual factors including the following: 

1. Restricted systemic cardiac output. 

2. Duration of work. The duration of work is iaportaat. The energy 
d emands daring maximal effort lasting lass than 2 minutes are largely 
covered by anaerobic metabolism so performance capacity is not 
directly related to oxygen uptake and cardiac output. A person with 
a restricted aerobic capacity can frequently tolerate heavy workloads 
provided the work is of short duration and is followed by adequate 
periods of rest and/or work of low intensity. 

3. The nature of the work, i.e. isometric or isotonic, significantly 
affects the circulatory response. It has been well established that 
isometric vork and work with an isometric component such as lifting, 
holding, ct carrying objects of all kinds, pushing heavy objects, or 
worklc? with arms over head is associated with a much larger increase 
in systemic blood pressure cnan isotonic work at a similar level of 
oxygen uptake. 

4. Environment: High altitude for example requires an increased systemic 

cardiac output tc compensate for a lower peripheral arterial oxygen 
saturation- Extremes in environmental temperatures also require sn 
increased systemic cardiac output. In addition, high altitude may 
significantly increase pulmonary vascular resistence in patients 
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with pulmonary hypertension. 

5. Emotional Stress: This nay produce profound circulatory changes 

and significantly add to the circu7 story load during physical work 
without affecting level of energy expenditure. 

6. Body Size: This should be taken Into consideration In any discussion 

of energy demands. In general, a smaller individual is cot ct a 
disadvantage as long as the task primarily consists of locomotion. 

The energy cost of walking and running is proportional to body 
weight. By contrast, the energy costs of moving objects is largely 
independent of body size. The °~~ 1 1 individual is at a distinct 
advantage slice physical work condition, all other things being 
equal, is proportional to body weight. 

7. Vigorousness of movement. 

8. Individual Variation. 

Finally, the cardiac who is returned to work should be checked periodically and 
should be made to feel that the industrial physician is interested in maintaining 
his health and welfare. The employee should fee? f.ee to seek counsel, 
particularly if he ia having symptoms. 

One of the batter methods of objectively assessing the progress of the cardiac 
is the use of the bicycle ergometer or treadmill stress test. This is now 
being used extensively throughout the country to give a better idea of cardiac 
performance as nanifested by heart rate response, blood pressure, end 



electrocardiographic changes . 


In conclusion, I have cried to discuss a large topic In a short period of else 
vlch the hope I have given you an overview of the p rob lee of the enployee who 
aay be having premonitory symptom but who through Ignorance, fear, or indecision 
fails to seek medical attention promptly enough and la heading towards a cardiac 
disaster. I have tried to emphasize the importance of both public education in 
this matter as well as professional education. The physician moat ha able to 
receive the patient with a prepared plan to reduce sudden death and to obtain 
speedy and effective care for the patient. Mortality reduction will not be 
affected without a carefully planned approach entailing some of the principles 
which I have discussed. It is important that the physician undetstands the use 
of a monitoring system which need not be very elaborate, and not too costly, 
and he oust be able to administer ant iar rhythmic agents promptly as well as to 
be able to do cardiac def Abrillation, and institute prompt cardiopulmonary 
resuscitative efforts so chat the patient could be kept alive until he la 
transferred to a hospital for further care. Finally, I have attempted to 
portray the need for a more dl'igent effort to return the cardiac patient back 
to his job in a sensible manner with a rational prescription tailored to his 
physical and emotional capabilities. The physician will have more confidence 
in placing the patient back on the job if I.e understands the type of job to 
which the patient is returning, the leve's of energy expenditure requlrud by 
that job. the environmental and emotional conditions under vkirh the work must 
be conducted, anc the duration of work requiring maximal euergy demands. 
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HSFRAS-^USD 


by 


F. G. Pierce, M.D. 
Kenedy Space Center, Florida 



A good army years ago someone askeu Albert Einstein if be souid 
give a 30 -minute talk on ■atfaaaetles. Bis answer was, *Ge*d.fa>en, 
in 3C minutes I couldn't even read the bibliography l" >r such a talk.” 
Today, I do net find ayself in that enviable position. Reviewing the 
literature °n Infrasound turns out to be somewhat 1 ess of a task than = 
a review of the literature on such a subject as "the social life of a 
cigar butt." 

Let us firs', define infrasound so that at 2 east we lfill all know 
what we know nothing about. Infrasound is classified and described 
as the sound frequency which lies between 2 ani 20 epe or 2-20 hertz. 
How that should put you in the driver's seat. 

These frequencies sue below the capacity of the hi anas ear to hear, 
but because they produce vibrant energy, they are capable of producing 
certain effect? on humans. These effects, aost of which so far are 
subjective in nature, have beer the topic of several research projects. 

It would be i ill at this point to bring out the seriousness of the 
problerw We have spent vast resources on the effects on man of unclean 
air, pollut'd water and hifh frequency noises - sill of which are 
gradually tatting their toll of life or at least producing measurable 
pathology in the human race. Having reviewed the subject of infrasound, 
I am convinced that we are on the verge of discovering yet smother 
environmental factor to adc. to the onslaught. Unfortunately, we nave 
merely tapped, the surface of this cne. Who can say for example, that 
the results of some cf our studies on bi-frequency sound haven't 
reflected :ome affects of inf resound, since many of the tulles were 
done with nixed frequencies. 
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Tor eke ocsaert, consider the sources of infrasound to which ire- ', 
are all subject: (l) automobiles; (2) airpluues; (3) home air con- 

ditioners and heating units, alstawarhers, vashir.z machines; 00 ' 
trucks; (5) buses, trains, and marine engines, etc. Thereis hardly 
an hour in any day that all of 'is are not siibject to exposure' to •- 
infrasound, much of it in smaJl amounts perhaps, but a steady, con- 
stant exposure. 

For example, an engineer when: I know recently measured the level 
of infr&couna in his modem automobile while driving on a highway at 
50 oph. This so called "quiet" car produced O'-er 100 decibels of 
infrasound at 2-22 cpc. This was with the car in good operating 
condi -*on and with the windows closed. 

Hc-w consider this. To date no one has outlined or established 
e’cepr-able precautions of what constitutes excessive chronic exposure 
tc infrasound. The closest we have come *o this is the study by Mohr, 
Cola, Guild, and Van Gierke, which shows that c ven short term expo- 
sures above 150 deb produces definitely recognizable subjective effects. 
The studies of Nixon and Sooner have pointed cut the effects of infra- 
round on our ability to communicate. Nixon with Harold Eille have even 
gone so far as zc tucy the attenuation effects of ear muffs on infra- 
sound — so we at least have nade some inquiries as to how to prevent 
exposure, but we don't know as yet what we are protecting ourselves 
from. 
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this topic 


_s-_ Fo»* thar? jf you who thirk f»i sight be interested ' 

1 can hlnfcly rccconti that you read the trusMioa of es .iticie by 
Y^nilirir G&vrezu of France, who is the bead of the Electro Acoustics 
and Autonation Lob of the fetiasu Center of Scientific Research of 
Frhrce. 7te» -article appeared in Science Kagaaine it January of ±o6z. . 
Fg. 35-37- te of the asny points vhich be brings out is *be fact 
that Inftasuari is t&t difficult to neasure. inlee-5. *be aeterclcgicei 
people bare been asing infrasoond detectors for years to ascertain Che 
location a. j f~ tensity of tlsasders z&rizs fcraadne, 3sl hurrl canes. &1_ 
3 ? which produce icfrjscjrd emissions neasursHe for silts. =e also 
prints act that ii 'rasonic detectors vere being -ared. ir ^crld >far I to 
locate er^ny g-its. So oar lack of invest i^aticc cannot be txccsvi by 
say Staten. 'tt t~ the 'effect- that "our enemy s_~ net ceat unable. ~ 

I shall now enumerate for you the svbJectiT-j _y r -at oms which hare 
bees repeatedly cocanented by several authors in .:xi«s in •itch rhey 
inly tbs.*. "Any results gas* be ccesiuerea as less than ecoclusire con- 
sidering that inadequate nmfers of subjects and the lack of basic 
kr zwiedge of the existing problem." Here are the symptoms: 

Fatigue. 

Irritability 
Insomnia 
Headache 

Lack cf ability to c once nr rate 
Loss of eculitbrivE 


> 
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A1 1 of these svaptams, pitas saae otters, have been as well docs- 
serbed as ran be expected in studies designed For sob Jective resells. 

Us we all 3c mv, ary s-acii stadias are Subways subject to a great ae* a ©f 
®aestl--€ 2 iEg fey researchers aba? deal wltfe cfejective results only. Ose 
of ccr ssin profeiess is tMr sgaere is that vs bars so Far tot bees 
able to care up with a s taSy t*£ efejectlve findings which caa fee repre- 
diacea ssi cess-sred is a iafesraxtiy. 

Sse -aast extarsiva study to date- wt&iefe dealt with aaeasurafeie goes- 
recasts was mate bj Gr&ga^t of Francs is which it was related that 
there appears'!© fee Bessarabia changes Sa vitaaSs C, cholesterol sec 
I pLaeose in .people subjected to relatively h igh .assets of iafrasssaed 
for short periods. Ccrtaialy as a fbtsane project, t&es*. staSies sbesiM 
fee closely analyzed asa repeated fey tfee same method to ascertain whether 
or not the results are reproducible. .Also, since the levels of all 
three af these swsstaaces are constantly in a liaetic :,ode in tfee fee ay, 
ass wonders as tfee authors sic if, in truth, ±nfr&sms^ Itself was 
really tfee caur-- of tfee efearg -s or whether tfee- stress produce i fey 
Ini^asousd was actually tfee culprit- Hafer, at ax, were «: „-t able to 
reproduce the*© results using different r-tfeods. 

let ae now reveal *c yea s-ute strictly s’it^sciivs facts wfeiefe have 
case to ssy sacwledge. 1 an not Introducing tcese facts as gospel, oaly 
rKTiticc-ing then as food for thought. 

1* ®y is it that in a building in which tfee infrasomf level fc&s been 
aeas -sre-1 tc fee in excess of 80 defe, has there been a two and ace- 
tal? tlsKS turnover of personnel ever a period of three years! I* 
say aean nothing - but it is worth Benticring- 
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All of these sjfaptots, plus sene icters, hare been as we I 1 docu- 
mented as ran be expected In studies designed for subjective results. 

As we all incur, a ny rrar *- studies ire filnjs stdiject to a great de* 1 of 
auesti<joiz3g by researchers wbo deal with objective results only. One 
of ccs- calf: prablos in this spaere is that we have so far not been 
able to <0012 with a r tody of objective findings which can be reprc- 
ciiced and measured in a laboratory. 

Se -aost “itaisire stogy to date which dealt with saeasurable cas- 
pocsnts was done by Graguit of France ic which it was related that 
there appears to be measurable changes in vitamin C, cholesterol «ra» 
glucose in people subjected to relatively hi gh amts of infrasamd 
for short periods. Certainly as a future project, thesx studies should 
be clcsc-iy an a l ysed and repeated by the same method so ascertain whether 
or not tfac results are reproducible. Also, since the levels of all 
three of these substances are constantly in a kinetic . .ode in the bcoj, 
one wanders as the authors die if, in truth, iafrasansvt itself was 
really the cause of the changes or whether the stress produce! by 
Inf r*souac was actually the culprit. JSah-r, et ax, were e t able *c 
reproduce these results using differei?" rrthods. 

■“Let ne now reveal to you s-cne strictly s'm jective facts which have 
come to sy knowledge. I am not int rod-os ir_g tcesc facts as gospel, ouly 
sssMcvsing then as food for thought. 

i. why is it that in a building in which the infrasound level has be ft 
measured tc fee in excess of 80 deb, has there been a two and oce- 
Laif times turnover of personnel ever a period of three years' It 
may mean nothing - but it is worth mentioning. 



2. ifcy is It ttet several im liii i cf tap supervision or tills 

particular iwlHtng baas crse to ae independently complaining 
of fati^ae, irritability., headadK, and inability to concen- 
trate! It nty n ean nothing, bat it is tarth Mentioning. 

J. Uqt is it that afvlihe pilots and track drivers bane gone it 

their ea&ageae&t and lions to cgreplarin about excessive fatigue 
and inability to concentrate on longer trips? Maybe there was 
an ulterior aotif?: aaybe there is a true physiological reason. 

I think % should start es soon as possible. 

MSI has spent ec mall aa a mt of tine and effort staijiag the 
abate problem of infrasound in their spacecraft in addition to higher 
intensity sound. I feel we. as a group, should help in any way we can 
to add to the r^- ager sooiat of knowledge now available. 1 foresee that 
in the not-too-distacl future, the auionotive industry — s parre d on 
perhaps by sene Saderian influence — will b^gin to research 5a this area, 
to be followed closely by airlines, textile fibers, boiler osiers, etc. 

I weald l ike history .to show that we, as a group, added substantially 
to early knowledge of the probless. 

Wh^t we need, and need now, is a reproducible, aeasurable effect 
on huasans of inf rase and energy exposure, at Kennedy Space Center we 
are interested in a study of the effects cf infrasound on the fragility 
of red blood cells. We are also thinking of a study on the learning 
curv- of rats, cot as objective a project as others, bat it right tell 
us sanetfclng. A study on the effects of infrasound on secure proteins 
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&Lgfci. also prjf’ edigJiteEing. Certainly, any work directed toward 
the central nervous system wold be nest interesting. «e aaast obtain 
sene censurable, repeatable information. (As is tie osal case in 
Eh.il cai research.) Subjective clinical s ya p tsas bare given ns oar 
first bint; we cast now go inr.-e the organized, research phase of tfce 
-robiea with the air of establishing reasonable T.L.7. *s for chronic 
and acute rper-ure. 
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The purpose of this paper is to present several approach is to 
the study of chronic disease in an employee population. The data 
presetted are very preliminary, therefore, no conclusions of any 
“tied should be drawn froa their use. He are now preparing another 
study » this subject vi Ja the use of core definitive date from which 
valid conclusions say be reached. 

The evolution of chronic disease in a skilled, trained, produc- 
t’vc, workforce is a subject of major concern to an organization. - 
'While in tbe long te^, no single individual may be considered in- 
dispensable or his absence, temporary or permanent, detrimental to 
tbe ccod of the whole, the loss of bis services does present Ti illul i 
problems in recycling his workload, assigning others Ms duties, and 
should his loss be permanent, a major expense in recruitment and 
retraining his successor. When such losses occur in a large number 
cf workers, or within a short period of time, they may actually 
interrupt production schedules and deadlines and thus ultimately 
affect the entire organization in its ability to meet the coanti.tments 
to which it is dedicated. 

In 1970, at the VASA Goddard Space Flight Center, a population 
of approximately 4,000 workers, there were 13 fatal 102 non -fatal 
najor tine loss episodes, caused by mental disorders, diseases of the 
circulatory and digestive systems, and neoplasms. Based on the average 
annual salary rate for 1970 .- the total personnel resource loss due to 
chror.ic disease, was ever a quarter of a million dollars. 

A review of employee health records over the past five 
and a half years produces two facts worthy of consideration: 
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in it dynamic working population, chronic disease rates do not 
rcmin constant (Figure l), nor are they distributed evenly 
throughout tin* organization (Figure 2). If a preventive medicine 
program, operating within the organizational environment is to 
achieve its objective, that of promoting the health and well-being 
of the employee population, aid is given limited and probably less 
than adequate resources to do its job, it should be aware of trends 
and patterns in disease prevalence, be able to separate high risk 
groups from those with low risk of disease, and search for possible 
contributory employment- relates problems and conditions. 

In this paper we will review the chronic disease incidence 
experience at Goddard, during the period from 1966 to L9?0, 
summarize preliminary data for 1971, and atteapt to relate this 
experience to specific programs and events which nay have had 
some causative influence. The information used will include 
records of periodic and return to work examinations conducted by 
the Goddard medical facility, injury and illness visit reports, 
and mortality data. 

The Relationship Between Ha tor and Minor Disease States 

First, it is proper to consider the relationship between 
minor disease states, major disease states, and permanent disability 
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and Mortality. Although Fijjiri* i deals totally with aajor 
illness episodes, even these any be ranked by order of debility, 
with nental and disgestlve disorders (usually causing temporary 
time loss and rarely death) at tin; botton, diseases of the 
circulatory system and neoplasms (which nay be permanently disabling 
and perhaps fatal) in tire middle, and nortalities (rcpresentii* 
pernanent severance fro* the organization) at the top. it episode 
rates in the lesser conditions increase, so do th 2 rates for the 
nnre serious illnesses, and Mortalities. A graphic display of 
these relationships appears in Figure 3. 

It is quite logical that a population yielding an increasing 
rate of non-fatal chronic disease states, such as in circulatory 
disease, and neoplasas (and thus weakened by the first onset of 
these conditions) night also yield an increasing rate of nortalities 
fron the sane diseases. It is also logical to assune that if these 
diseases are influenced by certain changes or stresses in the 
environment , these stresses My first be expressed in a population 
in the form, of sub*clinical. symptoms and behavioral patterns, then 
in the developnent of overt conditions such as anxiety neuroses 
and various digestive disorders, and finally in wore serious diseases 
and conditions which nay ultimately cause pernanent disability or 
even death. 


-ill- 



At Goddard, there has been a rising trend in all categories 
of diseases, «4tlch is explained neither by changes in the overall 
composition of the population, nor by aging (Figure 4). 

' a K ' *• * J « rrb »j» >l>~en Disease and the Internal Orranizational 
.'. nvi ronaw.it 

If the onset of chronic disease is produced or at least 
aggravated by conditions of the occupational, social, or economic 
cnvi ronocnt, the preventive medicine team should be aware of 
those influences and their relationship to their patients* health. 
Environmental conditions may be divided into two categories, those 
created solely within the organization and unique to it, and those 
created by the outside world. We shall deal first with conditions 
•'f the internal environment. 

In Figure 2, the distribution of chronic disease incidence 
by organizational element, we found significant differences in all 
categories. Since these might have been accounted for by differences 
in the occupational composition and age of the population, we 
selected four organizational units for detailed study. In the 
following discussion, the analvses pertain only to male employees, 
and or ly to those who were working at Goddard at the beginning and 
at the end of the study period (1966 to 1971), or who had been 
separated during the period for medical disability or death. 
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The first two groups r.re the Tracking and Data Systems 
Directorate (Code 'kl), tespmsiblc lor data acquisition and 
analysis in tl<e oper/.riou of the unmanned satellite tracking 
network, and the Manned Flight Support Directorate iCode 800), 
responsible for data acquisition and analysis in the operation 
of the manned flight tracking network. The sale populatior. of 
both directorates is co*»;*o-.-d essentially of engineers and 
technicians, and th*re is n*» significant difference in age. In 
I960, the two populations were combined in a single unit. In 
1967, because of the emphasis on the manned lunar landing program, 
the unit was split and the two separate directorates were formed. 

The five year history of coronary heart disease and malignant 
neoplasm fatal and non- fatal episodes is shown in Figure 5. In 
su-^iry, the male population in Code 500 sustained a rate of 
37 per 10,(K<0 and Code 800, a rate of 110 per 10,000, a significant 
differ**i>ce (P= .01). 

The second two groups are the Projects Directorate (Code 400) 
and the Space and Earth Sciences Directorate (Code 600). The 
male population of Code 400 is composed mainly of engireers and 
technicians involved in the development and design of unmanned 
scientific satellites. Code 600 is populated predominantly with 
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scientists .turf scientific aides, aid is engaged in long term 
research and theoretical studies. Again, there is no significant 
difference ir .ige. 

The five year history of major chronic disease episodes 
for th.-so two directorates is shown in Figure 6. Here, these was 
also a significant difference between a tot.' I rate of 51 per 
10,000 in Code 600 and a rate oi 151 per 10,000 in Code 400 (P= .05). 

A second fora of data, and certainly more important for 
nurjnst ;«oscs, would be a means of detecting high stress periods 
lhrot».;h discreet clinical measurements before actual dise-.se 
conditions evolve. In An occupational environment, where we take 
routine periodic measurements of large segments of the population 
over long periods of time, this may be possible. 

As an ev.&apie, using our same four directorates, we have 
plotted a moving average of the mean diastolic blood pressure in 
male employees, age 40 to 49, over the five year period. The 
results appear in Figures 7 and 8. In both cases, there are long 
periods (those in which the majority of the illness episodes 
occurred), in which the means of the high risk groups exceed those 
of the low risk, and at least support, in pa.t, the logic of being 
able to isolate critical periods of time and populations, not only 
by disease trends, but by other me&srres. 
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In Figures 9 and lO, the ‘-aiae mean diastolic blood prcs:.u«* 
fare plotted against the di*:<»«se trends for Codes H00 and 400. The 
o«\tterns for both oi-g.-ir.i v..»l ions are remarkably similar, with the 
u;>ward trends in blood pressure occurring well before the upward 
tiends In disease, and s,.j-j>.‘St i ng tliat some predictive Capability 
au y exist. Again, these figures are based or. onlv one of a 
multitude of measurements and certainly others may serve u as well as 
epidemiol *glcal iadictors. 

Space f ’ ight activities are recorded above the bl.>cd pressure 
tr ;nd lines. In Code 800 the peak, can blood pressures are i • ached 
during the period between the first lunar orbit aed the . ir.-i two 
manned landings. In Code 400, the peak is reached dur.iv late 
1^68 and 1969 with the unmanned launch activity was (waviest. 

One can hypothesize quite rcAdliy about the reasons for the 
differences among the selected groups. Mere stress, and thuf 
illness, would appear to be associated with monitoring a moaned 
space probe than with an unmanned probe. Similarly, the direct im 
of specific flight projects with fixed deadl>nes appears to be more 
injurious to health than the slower paced environment of tee space 
scientist. However, to assign the cause of ill health to any Mingle 
occupational factor, is erroneous, and ignores the importa.it ex. err l 
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influences of heredity and the socio-economic environment. Here, 

>;c arc concr.i ned, nut really with causes, but store with methods Aaf • „ - ~; 
detecting and monitor in;; high risk populations, -and for this purpose T V 

' ... r- 

disease trends seem to have sou--*. practicality. . : . - T 


The Relationship Bet we en Disease and the KxLcrnal Environment 

In I9««h NAS/% lud reached its peak. Frorj that year beRan a 
progressive decline in federal fundi nr manpower, and space riight 
activities, summarized in figure 11. Of the major NASA installations, 
Goddard was the only facility which continued to grow. 

From mid-year 1967 to the end of 1970 the NASA population 
had been reduced by 5,500 workers. This was accomplished by nor purl 
«tli ition, voluntary retirements, and by reductions in force <.RIF). 
The diminished space exploration effort affected industry as well 
ns NASA oik! suddenly aerospace employees v:ho had been accustoi&ed to 
widespread mobility and a seemingly endless choice of jobs were 
fa^«i with employment freezes and layoffs. 

*-V? 

jS| As ctlw r NASA facilities reduced their populations, some of 
%. unemployed were absorbed ny Goddard. The Goddard employees, 
.though still secure in their own environment, could not have been 
unaware of events outside, and if they doubted the accounts in their 
dally newspapers, they not had first hand accounts from their 
relocated fellow employees. 
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A< the aerospace pr«f,ra» has declined ic lias uniquely 
•£fectrb ooth the higclr skilled employees and the unskilled. 
Tradition.! Iir. nno-profc«;oo»l workers have been -ocsidered 
■ore insecure in dec l ini enf»l oymeot situations then professionals. 

If this is true, it aif partially explain the sudden increase in 
e^nia yee aortality at Cmidard shown in Figure 12, oilsiutkiy; 
ia a significant difference between the two groups in January 1971, 
when cite first Godoard redaction in force was announced. 

At Goddard, the owjcritj of the noo-proressi^csl workers 
reside ia the Directorate of Administration and Management ICoae 200#. 
In Figure 13, ve have a summa ry of acute episodes for tha r 
Directorate, la the twelve aonth period centered in January IS6S, 
the total episode rate was 172.4 per 10,000. In the twelve month 
period centered L: January 197], the aonth of the 11? announcement, 
toe rate was 322.6, a significant increase. 

Although the reduction in force was officially aoncur.ced in 
January, ic was not accomplished until eight aoaths later in Aygust, 
1971. The period was oc» of uncertainty, not only for chose eoplc-yees 
who would actually be affected, but for the whole population. The 
i mediate effects were a dramatic increase in medical facility 
visits. In Figure 14, we have the trend for the twenty aonth 
period beginning in January 1970, for Code 200. From Che date of the 
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s.if flflon l B3OTo«?n- , nra-orcupl visits increased steadily 

an:il !»ar, tUe w«in ««f the roiaatary retirement deadline. 

Occupat* iwl injuries, f.iU<win- their usual upward as^:-* trerd, 
exceeded i ■' ^.u f*i :&■• fr--Ti,-a> swaer. 

CidJarj h»s push'd saw :>.« tbt first pfkse of total 
yr<c^rt«ialy, te the transition r i od , the new joi tssigmu.'.* 

ind are being of i«-ct>»d_ beginning ia October, the 

p.’pu3..t<»n will enter a third phase, that of adjustment. The full 
- . J.-c; s the «. IF CK-. ra^icyee health wiit not be seen for 
,'-iss ; :';ly another year. In Ficart 15, **e have again plotted ce. a 
disctoiic blood pressure against the acute episode rate for Code 2Wu. 
Is the twenty aonth period under study, blood pressures peaked 
is January, declined and peaked agair following the voluntary 
retirement deadline, and are sow in a second oecline. he the r 
this :« significant or not, must await the fiial data or disease 
rates. 

Summary 

Inc nsso- i at ion of er.vi renment with the evclttion of chronic 
c : seas* has Ken a subject oi :«.? concern tc the aecical community 
for the past cent a; y. The concept of the organizational medical 
facility pens up a vast :.tw world of possibilities for research in 



chi; AfM. The discussion here has dealt not particularly wich 
the effects of eneironoent, Kit rather with the eusureaent of 
health troih, with »-r vaix>U external influences. The 
practicality of sucli uc^esreurnts. we feel has been denosstritrd. 
not so mic'i for pun oses of research into the essential causes of 
illness. i;< ii!u>arat>nc hi^ii risk areas, as an uidc ir. 

concentratiiy: scarce ordicai resources vaeie they will have the 
greatest value. With tue growth of automated data svitcas in tbe 
co«. -g o-cide, the possi hi litres for real tise taait tcring of health 
trends ate endless. **t'a this capability, it is hoped that a 
significant contribution will uU^nate' y be aatfe to the nanace^m c 
of chronic disease problems. 
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NASA GODDAM) SPACE FLIGHT CENTER 
liJGIDEfICE OF MAJOR CHROMIC DISEASE, 1S3G-1970 

Rate Per 10,003 



1966 

1967 

1963 

1969 

1970 

MORTALITIES, ALL CAUSES 

20.2 

20.0 

19.6 

1 

1 

30.3 
_NS _ 

31.2 

CIRCUL ATORY DISEASE 1 

60.6 

78.1 

49.0 

LSP-. 

98.0 

lSJ] 

89.3 

NEOPLASMS 1 

25.3 

20.0 

L 

27. G 

NS P ■ .07 

41.8 

42.4 

MENTAL DISEASE 1 

22.7 

" 22.5 

L 

36.8 

S P • . 05 

44.2 

49.0 

_J 

DIGESTIVE DISEASE 1 

32.9 

L 

62.5 
S P • . 

90.9 

001 

102.0 

J 

78.1 


1. Includes Fatal and Non-fatal Episodes 

milRK l 


VMh GODDARD SPACE FI ! "-JY C ■TiKII 

g; ; Ijajor "chromic Disr.r.::, ::i is:d-1070 

Rate Per 10,000 


ORGANIZATION CODE l£VEL OF 



ZOO 

300 

400 

500 

600 

700 

800 

Mi*. )<«•■■« 

CONFIDENCE 

MORTALITIES, ALL CAUSES 

33.3 

7.5 

42 4 

7.1 

17.3 

36.8 

44.8 

S P ■ .03 

CIRCULATORY DISEASE 1 

117.6 

6a 2 

63.7 

52.1 

12.8 

53.2 

22.4 

S P - .001 

NEOPLASMS 1 

43.8 

15.0 

10.6 

14.1 

13.0 

24.4 

11.2 

S P - .01 

MENTAL DISEASE 1 

69.9 

7.5 

42.4 

14.1 

25.9 

27.5 

11.2 

S P " .001 

DIGESTIVE DISEASE 1 

133.3 

9a 9 

42.4 

47.2 

38.9 

7a 4 

50.5 

S P ■ .001 


]. Includes Fatal and Non-fatal Episodes 
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NASA GODDARD SPACE FLIGHT CENTER 
DIGESTIVE MENTAL. AND CIRCULATORY DISEASE NON-FATAL EPISODES 

AND TOTAL DEATHS 
Rate Per 10,000 
(12 Month Moving Average) 



pioimr, 3 




1966 

POPULATION N 3958 

MEAN AGE 38. 5 

OCCUPATIONAL COMPOSITION <%) 

TRADES, CRAFTS, 21.3 

TECHNICIANS 

SCIENTISTS, ENGINEERS 46.0 

SECRETARIAL, CLERICAL 18.5 

PROFESSIONAL MANAGERS 14.2 




1967 

1968 

1969 

■ rr. m 

1970 

3997 

4073 

4295 

4487 

38.2 

38.3 

m 

38.4 

39.0 

20.9 

20.5 

24.8 

26.5 

46.9 

48.5 

46.3 

44.3 

17.8 

16.5 

14.7 

15.0 

14.3 

14.4 

14.2 

14.1 




FIGURE 4 




NASA GODDARD SPACE FLIGHT CENTER 
EMPLOYEE MORBIDITY AND MORTALITY EPISODES 

1966-1970 
MALE EMPLOYES 
(12 Month MovM: .".var^o] 



— com 800 

MANNED RIGHT SUPPORT 
nrami! 5 


~] | m 1 

•••• CODE 500 

tracking and data 


NASA GODDARD SPACE FLIGHT CENTER 
EMPLOYEE MORBIDITY AND MORTALITY EPISODES 

1966-1970 



coot 400 CODE 600 

PROJECTS SPACE SCIENCES 


FIOURE 6 
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CODE 5no CODE 800 

TRACKING AND DATA MANNED FLIGHT SUPPORT 


FIGURE T 
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(SEAN DIASTOLIC 0101:3 K;2SSU;i2 
MALE EMPLOYEES AGE 40*49 



FIGURE 8 
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SPACE SCIENCES 


NASA GODDARD SPACE FLIGHT CENTER 

CODE 000 

MANNED FLIGHT SUPPORT 



EMPLOYEE MORBIDITY AND 

MORTALITY RATE PER 10,000 

MEAN DiASTOLIC BLOOD PRESSURE 
MALE EMPLOYEES AGE 40-49 
FIGURE 9 



NASA GODDED SPACE FLIGHT CENTER 
CODE 400 
PROJECTS 



Y UNMANNED LAUNCHES 


EMPLOYEE MORBIDiTY AND —MEAN DIASlOllC BlOOO PRESSURE 
MORTALITY RATE PER 10,000 MAu EMPLOYEES ACE 40-49 
riGURIf 10 
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SPACE FUSE IT ACTIVITIES 





FISCAL YEAR 

1966 

1967 

1968 

1969 

1970 

1971 1 


NASA APPROPRIATIONS 
(in Bullions of Dollars! 

5.2 

5.0 

4. 6 

4 0 

3.7 

3.3 


NASA ON-BOARD EMPLOYEES 
(In Thousands! 

35.7 

35.9 

34 f 6 

33.9 

32.6 

30.4 

1 

H 

OJ 

0 

1 

MAJOR LAUNCHES 2 

10 

1 

4 

4 

, 1 



MANNED SPACE FLIGHT 

18 

20 

12 

• \ 

12 

5 



SPACE SCIENCES 

1 


2 

0 

,i 1 

, 3 



ADVANCED RESEARCH 








1. Mid-year 

2. Excludes Non-NASA missions 

FTOUPE 11 









HO'tltr IP 


PROFESSIONAL •— NOn PROFESSIONAL 
MEAN AOE 1970 MEAN AGE 1970 
38. 9 39. 1 


I 

w 
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NASA CODHAUD SPACE FLIGHT CENTER 


ACUTE EPISODE RATE PER 10,000 


(12 Month Moving Avorago) 

COO( 20) OARO I GVASC : *CAR. 



TOTAL 

DEATHS 



NON-QCC 
VISIT RATE 


<*A> 

I 


I!asa godi;:.:.:i $?:mi ri.i?,:ir cmm 

CODii 200 
Aio;iiSTnATi0;j m 




AN DIASTOLIC 
000 PRESSURE 



EMPLOYEE MORBIDITY AND MEAN DIASTOLIC BLOOD PRESSURE 

MORTALITY RATE PLR 10,000 mak EMPLOYED AGF 40‘W 

KKIIIHK I'j ' 
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Our project is aimed at the development of an improved ambulatory 
oar & deliver/ system for the Jfevy. It centers arcana the Conner's of 
oh- Problem Oriented Medical Record and the expended use of paramedics. 

It vas stimulated by the folic wing findings in a study of cur own 


»e screened 3^0 charts cf adult dependent and retired personnel. 

Ve were searching for the frequency with which the indexes of morbidity 
and mortality were being cheesed . The results w»re pretty dis - u raging 
:uo ~ am sure are comparable to other clinics. (Slice' 

V- found onuy It? of cur records contained a complete history, ->3 
a obsolete physical. Only 5Ts of patients over hr had a B? recorded, 

-re had tcnorc-etry and 3Te had an BCG. 

We a_o: loosed to see if doctors goo the souiieo: they intended. We 
selected all charts in this group that had the ciagn sis of hype rtens ton. 
1 11 tie' 

IPs had ar. IV? 

Vjj ojj too 

1 hod YMA 
~? 'ji had BUS 


Although these are the studies oar dce.ors toid us they got rrutino-iy. 

The implementation cf the Problem Oriented Medical Record is assist- 
ing considerably in correcting these problems . I'd like to spend a 
minute first describing the Problem Oriented Medical Record. (Slide) 

This o-ncept was developed by Dr. Lawrence 'Weed currently at the 


Jniversity cf V-rar. t. Its beauty is in its logic and simplicity. This 




slide outlines the medical record. It consists of a Data-Base, from 
which the Problem Index list is developed. For each problem a plan 
of management is stated, and then the progress note is indexed to the 
problem list. (Slide) 

The data bass is the minima information which you obtain on every 
patient in the delivery system. It may be anything you desire but it 
must be defined. It may be no more than age and sex or the most 
elaborate nultipfcasic screen. We use the data base as a multiphasic 
screen for diseases of hi gh incidence or morbidity. 

The formulation of the Problem List is dcoe by a physician acting 
on information in the data base or on subsequent data. It is a state- 
ment of the objective level of diagnosis of a particular problem . 

(Slide' 

It may be a symptom - headache 
It may v e a lab value - EOS 26 
It may be a physical finding - urticaria 

It may be a physiologic diagnosis - congestive heart failure 

Or it coy be an etiologic diagnosis - ASC/D - atrial fibrillation - 

angina pectoris class III-C. 

It must be a statement of fact, and not a calculated guess no matter 
bow brilliant the diagnostician is or thinks he nay be. For the diag- 
nosis of diabetes made by the professor of medicine may be SOf> accurate 
and tha: by the third year medical student only 60‘J, but neither is lOOJt. 
When kept on the objective level, every person approaching that record 
knows exactly where we stand and kacvs it cuickly. The next person to 
review the chart will not be led to assumptions that are inaccurate, and 
compound the errors already made. (Slide) 
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The forcuiation of a plan is a concise statement of what the future 
work-up will be. The plan is generally outlined by lab tests desired, 
medications ana diet, and consent. It is also the final statement of 
each progress note. 

Tr. - progress note is tbec mastered and titled to the problem index 
list and thus all notes on any problem cun easily be identified. 

As one treats the patient, he my either deal with one problem: as 
a specialist in consultation would, or he nay deal with them all. He 
must always be aware of the patient as a whole ana can better anticipate 
the outcome of his therapy. Yor example, the patient with arthritis 
who also has dyspeptic symptoms as a problem. 

Sow I would idle to outline our set-up at the Saval Air Station, 
Fumswick. Our Outpatient dispensary is divided into two areas. (S lide ) 

1. OH) 

2. PPCC P’rgrataised Patient Care Clinic 

In the first area the standard operation of a clinic are carried cut 
This is also the area where the follow-up frets the data base takes place 

The second a*-ea is our Prograamed Patient Care Clinic. In this or-a 
all well baby, juvenile physicals, and adult data base examinations are 
carried cut. 

An adult entering irto care in our clinic is referred for routine 
examination to the PPCC. Our Data Base consists of: (Slide) 

Interactive automated history at a cost of approximately $2.50, EKG, 
che«t X-ray, spirometry, audiometry, tonecetry, Ect, 3UN, cholesterol. 
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urine sugar and acetone, 1 hr. pcs* load glucose, serology, and routine 
physical exam excluding heart, breast, and pelvic. This is all done 'ey 
two ec-rpssen ana one medical assistant. They handle patients at the 
rate of 15 per day. The cost of our data base has been independently 
estimated at $22.00. The patient spends approximately 45 minutes taking 
the history and another 15 minutes for the rest of the examination. 

Seventy -eight percent of our population felt that the data, base was 
a significant improvement in the quality of their medical cere. 

Only limitation in o.x ability to find the appropriate girl bar pre- 
vented us from adding the PAP and pelvic tc the data base. It is cur- 
rently done by the physician in the follow- up exaz. However, when we 
posed the following question to our patients (Slide) we got these 
results: 34-1 j2$ would not object to this study done by a paramedic. 

Our follow-up exam, as it currently stands, with tiie establishment 
of a problem list, takes approximately 20-40 minutes, lur first year 
follcv-up study cf 600 cases showed that 4"'. 2^ had new diseases picked 
up by the data base. 

Once the record is structured in this fashion automation is a simple 
task of application. We are new converting to a completely computerized 
medical record. 

Upon following up the data base the physician dictates his oroblem 
list and a plan on each patient. On subsequent visits identification 
of the patient produces the problem list. (Slide) 
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When the physician selects a particular problem the notes are repro- 
duced in reverse chronological order. (Slide) Hie lab reports are 
cross-filed into the notes at the ptict where ordered and into flow 
sheets. 

The current note is dictated and added to the record. (Slide) The 
files ray be searched * 'or a diagnosis, for a dedication, by particular 
physicians. 'Hie r cord sey be reprinted for sailing or sent electroni- 
cs 1 iy to any t .her area where the patient night be cared for. 

This system is not a panacin. to medicine. It will not deliver any 
net i cal care - good or bad. It will not prevent poor judgment if it is 
usei. But it will function to identify all the patient's problems, its 
structure and legibility wild, permit busy doctors to rapidly identify 
what is going on and to evaluate what should be done next. In this 
respect, it has proven to be an extremely useful tool. 
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ihls rarer is & report cf a. near fats! accident, caused by the 
eipccure of an arn'cyr-e t-c an csprirrcaejst -of appr on treat e J _y 100^ 
nahydrcus asacaiia f:r s period of about five e inures- On D-esaber 11, 
I9&?* vcrbiTa? vitfe ‘.L; ceding system in the cocpression rose. 

•2.1. r s. A-Vyear-oIa hesi thy wfciae male, accidently fc-'-r -c tre -usmocia 
lir. - i- t r frig* rati c-n nit, causing the «c-Lyd”~ i u.' r licuiu asmcr ia t-c- 
eccsje- ircffi t.* cai>ty valve, and fill the rt-j* with acncnia vapors. 

T. was ,.*eaai lying sacccselosis with his safety jj*si»k -_Tr cn 
the f ' >'; ' .f-Use conus-rccsi cn roots by his superrLs-r agpr-trlgately 
fi*-'*- JELsstes later. He- vas dragged fres the rou= by td starves cr 
•sr.-J -hi-- plant act-: was pitcrtlj railed. She soasseeed cn arrtiiunc- . 
a t n arrival tf the as4:ulsn.ce a few air otto later. iOflC D. . was 
■fort at. He was toiet to :he prira'^ office of the plant physician 
apr-r : ainat ? if f ‘ - riloo swsy- The riant physician satined the 
yaticr.' in the asbul -nee and footed a severely and acutely 111 patient 
who did net ro.-r-oul.. hac labor rot.! rations and fo am itig rldl^r 
material f-o*. the rru'h ant nose. He was im e-.Io~ -. y "mnu forcer : . o 
*he l.ceti hospital and 'he htspVal was not if d of hit iscin-ct 
arrival. At the ~ir- -f air. I site *c the IT 17 -f '.to local hcsr-iTr-.l, 
physical exeTsitatior revtaied an u nc'C-Scions and cyanotic patient 
wit-, tit -.irh rater is. u fuarL-_; fr.- tin rutt sail nos-. Hcspirations 
Were rapio an- .trust tag. three v*r-: firs; aul second degree bums on 
:hv neck, eyes, left ante-cubital feesa, gi&ns penis, senates., -to both 
-ow-r tegs, rise fclooa pressur s was -b’3/ICO, pals e was HI and respira- 
ticnr were -It tc-th luiigs were full of fine and harsh rales. Heart 



s 7uuds were distant with no X'armirs. “The abdomen was soft. The 
urinary fc Ladder was slightly increased with s<rz^ urine in his 
trousers- All extremities were spastic. lehoratory data. iKladefi 
Ttt. of k8^ r VBC of 15,000 with 3^ polys, s elite was adEq., 

: tassius 3-7 s5c., chloride 107 aao. tbe CC^ content was 15 sa 

of mercury, creatinine was i-7, BOB IS. EES showed sinus tachycardia 

tST " 
s> w o • 

The yoiasg men was placed on rotating tourniquets and a tracheos- 
tamy was done without anesthesia. Be profused ping pulaooary 
secretions bad to be constantly suctioned. Sesmett valve positive 
pressure 3^ was initiated and a cm dews on the rignt ankle was per- 
formed. Fluid was started and he was gives 1 gras of Xethyi Predni- 
solone I.V. Over the next hour a total of 25 sgs. cf I.V. Valias and 
calcium gluconate were given because of ex treat-- extreaitb spasms. An 
opethaimc’lGgisT saw the patient and applied SeoOecndron Ophthalmic 
Ointment to the turns of the eyes and face. Bect-^se of extreae 
pulmonary difficulties cf the patient and because tbe hospital did 
r.ct bare the facilities t c io the appropriate blood gas studies, it 
vas felt best to transfer him to a facility "hich bad these capabili- 
ties. Accordingly, two hours after admission the young man was sent 
by artb uiar.ee on positive pressure lOCWt 0^ tc tbe Respiratory Care Unit 
of a University Hospital approximately 75 miles away. He vas accom- 
panied by a registered t- i a fourth year medical, student. On 

arriva . at this feoiiivy, approximately four and one -half hours to 



five hours foilcving the accident, examination revealed a blood pres- 


sure cf riis<? 110 and re^^jar, respirations IB and tempera- 

ture of 95«i; c . He was unresponsive with spontaneous but irregular 
respirations. The bums of the body were as described above. 
Eissiaatice of the eyes disclosed the pupils to be constricted with 
marked edema o' the ccc^acctivv which were red and appeared tc be 
burned with loss cf surface epithelium. The neck was supple with no 
neck rale distent ion. The trachea was in the nidi ire. Examination 
of the heart was essentially negative. 'Use lungs were clear to per- 
cussion with generalized expiratory and inspiratory rales and rbocchl- 
There was also generalized expiratory wheezing. The ceurolcgicai 
:-vari nation disclosed deep tender, reflexes to be sliest ly diminished 
t hrougheut and with no pathological reflexes. Admission laboratory 
data revealed the hemoglobin at. 15 with benatccrit of 52$. There 
were 3*?, 033 white cells with ?0$ polys. Subsequent white cell count 
showed a return tc near ncrc&l levels, Urinalysis on adaissico dis- 
closed 1+ proteinuria with 3* sugar- 7rse urire was positive for blood 
and the sediment v»s loaded with red and whit, cells. Blood chemis- 
tries were essential ly normal except the serum electrolytes disclosed 
the petassi’-sa at 3-2- There was also an elevation of SCOT to ilB ml., 
and the IDE tc 3*2^- ml. 505 was 1? anc creat?nia 3.9, blood sugar was 
221 with an I.V. running. Creatinine clearance was ifej cc. per min'— e. 
An HKG was normal. Chest X-ray disclcsed generalized alveolar and 
interstitial infiltrates. The patient was immediately admitted to 
the Respiratory Intensive Care Unit and blood gases at the time of 



admission disclosed a PO^ of 2ft wit h a Pj» 2 of 27, pH of 7-Vand 
bicarbonate at ]£. These studies sere obtained with the patient 
tostMn g noa air. Be was then pi e c ed on a Ben n et t Ml nil— 
respirator and «lth fif ox yg e n , had blood gases that sere near' 
primal except for oslld alssolsr hy p em a tllfttloo. Be sas contlnaed 
on Aopclllln and high dosages at Saln-Medral. Baring the first day 
at his hospitalization be sas given 3 units of blood pin mi along 
sith other I.T. fluids. Kje and bur n consultants sere obtained and 
the patient’s eyes sere treated sith local steriods and antibiotic; 
and he sas given atropine ophthalnle drops. The patiert gradually 
bptoie d and by the fourth day at hospital 1 ration sas able to take 
clear liquids and sas reamed Tram the respirator for brief periods 
of tine. Bs teaperatare r malne d el-rotec and daring the coarse of 
hospitalization he had peaks as high as 103° to 1 05°. - Escaasc 
several s pn t un cultures shoved aerobarter, be sas givac a coarse af 
therapy sith Surycia for seven days and during this therapy he 
becane afebrile and had no farther evidence af 'ever. His b«rtts 
gradually improved and there sas narked eye iipi o va r t with dl sar 
festntion af scarring «f penanent daooge. At the tne <f d s charge, 
arterial blood gases disclosed aild hypoxic. an aafc'ent air sith FGjj 
at 57 FC0j> . pH sas within noreal Halts. The txacheostocy tube uns 
renoved cn the four tenth day. 

At the tine o' a six-sooth checkup, the patient sas working every 
day, had noraed. visluc end no pulmonary apptoBs except for a alia 

cough* 
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Although there ires ocular dwagf in this case, ho increase in 
Intraocular pressure ubs reported nor uas there residual eye ihuge 

this is probably because Urnfunt of the daaaged eyes uas started 

" -* - ■ - ~ _ 

idLtbin ^5 Minutes after the occur r ence- of the. accident. • 
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Hrfwr analysis was introduced bjr Richard Bright of Guys Hospital 
in lffc?T. For the next hundred years a rast amount of _i.tera.tnre ns 
^ published on the enarf nation of urine- During this hundred years the 
clinician hecacre sopisady confident that by study of the urine he 
cc Id diagnose »~°nal disease accurately end treat it rationally. Iha 
vcrk offStanas Addis brought the nlcrCscopic study cf the. urinary 
. sediment to bigbcc perfection by tht introduction of qaastixative 
. jcesbofis. 

Crike analysis is even acre refined today than it was thirty cr . 
forty years .ago; bowerer, there is a disturbing tendency to find s reel 
shortage cf leaomtoty technicians sdeqctely trained ia the art. of 
urine analysis and ail t*o often the test of urine is done by the least 
experienced nesber of the' laboratory staff. 

These quest ions can. he asked: Is routine aria? analysis toe stole! 

Are rewards toe stall for the tiae spent in the laboratory? Are the 
tes^s nirelieble? 

Another question we any ash: If we relegate urine analysis to the 

lowest position aaong laboratory tests how else are we to diagnose renal 

disease? (l) 

\ 

in toe aid- 1930* s Henry Christian wrote: "It is impossible to diag- 

nose accurately daring life the anatomical kidneys that will be found 
after death." This was the turning point of urine analysis and examina- 
tion of urine became in some respects passe. As a result, the exsoiaa- 
t ion of urine is often relegated to a ainor place in the medical 
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curriculum. Although most hospitals and clinics insist a n a urine 
analysis recorded on the patient's chart, they rarely ask for it to be 
repeated cr for it to be repetitively examined during: a patient's course 
of illness. The sane clinicians would be horrified if you suggested that 
they should listen tc the heart only on the day of sdnission and need 
not listen thereafter. 

In the last decade the percutaneous renal biopsy has bee one an 
extremely accurate tool for diagnosing of renal disease during life. 
Severer, the biopsy oust be correlated with the urine analysis to 
arrive at the physiologic and dynamic changes that nay be taking place 
in the kidneys. 

There has been a progressive simplification of urine testing by the 
introduction of tablets, tapes and sticks. These are useful in that 
they actually require no laboratory, and can be run end read correctly 
by iu.elligect patients as veil as physic ians by the bedside. We are 
not at the stage where we can co a complete urine analysis with one dip 
stick. These Methods ere extremely sensitive, extreijeiy accurate and 
speedy. 

Dip sticks are made of selected cellulose cf standard porosity. 

Their tips are impregnated with cheeicals which r 'act with oon&l sub- 
stances in the urine to produce colored end-products . In come tests 
the depth of color produced is related tG the concentration of an 
abnormal substance in the urine. This color can be matched against 
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color standards. The rates of reaction on the impregnated chemicals 
art; standard for each dip stick and color changes vast be antched at 
the correct tine after dipping for each stick. These tines of Hatching 
are given in the instructions which accompany each type of dip stick. 

If dip sticks are kept too long in the urine the chemicals impreg- 

r 

natea on the cellulose nay be dissolved out and the. results nay bo 
inaccurate. When more than one reaction is arranged on a single stick, 
which is the i o—on practice, the chemical reagents for each test ai_ 
separated from one another by a barrier impermeable to water made by 
impregnating the cellulose with plastic - 

Targets in general are designed from the same principle as tbe dip 
stick, except as noted below. Hie reaction starts when the tablets are 
moistened with urine, neither the dip sticks or tablets will work after 
they have been exposed to moisture before they are used. Therefore, 
they should be kept, extremely dry and free of moisture. It is impera- 
tive to read and tcderstard the directions that case with each stick 
and tabiet and follow these directions implicitly. Otherwise, pitfalls 
may be encountered that could be misleading and lead tc erroneous 
assumptions. (l) 

In the case of the glucose test tables these utilize in copper 
su-fate reduction the same as the Benedict test for glucose. The dip 
stickr use tbe glucose o xl dast test ana are specific for glucose only. 

Bo laboratory tost can be any better than tbe specimen os utaicb it 
is performed. This is particularly true of a urine specimen. A speci- 
men that is over two hours old and inproper iy preserved wi 11 show a 
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loss of fcAed elements such as casts, red cells, white cells in the 
sediment and this could be extremely misleading. This is especially 
true in urines that are alkaline and have a low specific gravity. 

Old specimens also are hazardous in that they nay gi'-e a false 
negative protein de te.-minat ion with the sulfosalicylic acid test and 
a false positive protein test with the stick if a stale aownical 
specimen is tested. 

In testing for protein it is important to examine the supernatant 
urine after centrifugation. This will help eliminate false positive 
proteins due to the presence of mucus from vaginal secretions or mucus 
from the seminal vesicles, pus cells and red cells that may be in the 
urine. 


Ibe testing for glucose is another critical procedure. It must be 
kept in mind that hyperglycemia may occur without glycoserla. This is 
bosx likely to be foistd with an early onset of diabetes and also in 
diabetics whose onset occurs in middle age or later life. Hot infre- 
quently there will be nc sugar in the morning specimen of a diabetic. 

The greatest hazard in glucose determination is the presence of 
reducing substances such as listed in Table I. (2) 

TABUS I - REDOC IHG SUBSTAUCES TX URIHE 


Fructose 

Lactose 

Galactose 

Maltose 

Arabinose 

Xylose 

Rlbose 

Uric acid 

Ascorbic acid 

Creatinine 

Cysteine 

L-dopa 


Ketone bodies 
Sulfanilamide 
oxalic acid 
Hippuric acid 
Bomogentisic acid 
Glucuronic acid 
Formaldehyde 
Isoni&zld 
Salicylates 
Cincbopben 
Salicyluric acid 
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The principle of the Benedict's test for glucose involves copper 
sulfate, which on boiling with reducing agenta is reduced to a red or 
yellow precipitate of Cupric oxide in a hot alkaline solution. The 
cciEpercial tablets work on the same principle and may give a false 
positive urine glucose with any of the reducing substances. 

The recent report of Feldman et al (3) deserves careful at tentior. 
They found that a negative glucose oxidase (stick) test may occur in 
patients with alkaptonuria or carcinoid syndrome. Mere interesting was 
the observation that aspirin as well as L-dopa may produce metabolites 
in th urine that may give a false negative urine glucose determina- 
tion with the glucose oxidase r action on sticks. 

The responsible agents for there reactions are potent redueirg 
■soiites, such as gentisic acid, hcoogentisic acid or > -hyu roxyindo le 
acetic icid. They act by keeping the indicator dye 0-\ulidine in its 
reduced form. These workers also found that high concentration of 
ascorbic acid added to a glucose containing urine gave a false nega- 
tive reaction with both the sticks and test tape . Lesser amounts of 
ascorbic acid (10 mg. /ml ' , however, were detected with test tape. 

It was found that test tape when used according to the manufacturer's 
instructions and only a tip was immersed in urine that a line of color 
develops at the diffusion point. This can be repeated with the lab 
sticks, but the manufacturer's present instructions are to icmerse the 
sticks. When this Is done, a false negative test Is obtained. Using 
the test tape technique allows the lab stick to act like a mini -ascending 
chromatography system. 
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The amount of aspirin ingested that led the false negative urine 
glucose determination rang’d upv.n l from 2.4 grams in a 24-hour period 
(7, 5 grain tablets). 

Many of the reducing substances tend to turn the urine dark on 
standing. Any dark urine should be suspected to reducing substances as 
veil as porphyrins or hemoglobin or other endogenous substances . 

In any event, it is prudent to insist that careful attention be 
given to urine analysis. It is equally important that only fresh speci- 
raents be used for examination. If there is to be a delay, refrigeration 
of the specimen or the use of different preservatives will help. The 
proper selection of preservatives is detailed and complicated, and one 
should consult a laboratory text for proper preservative procedures . 

For routine analysis the tablets that have been used for many years by 
the life insurance companies are excellent. (4) The composition of 
these tablets is as follows: 

COMPOSITIOifi OF EACH TABLET 
Potassium acid phosptat*^ 100 mg. 

Sodium benzoate, 50 mg. 

Benzoic acid, 65 mg. 

Metberaaine (UroT ropine), 50 mg. 

Sodium bicarbonate, 10 mg. 

Mercuric oxide (red), 1 mg. 
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One tablet will preserve 2 ounces of urine. Already prepared 
tablets of this type may be ob * aine 5 commercially. One source is the 
R. P. Cargille Laboratories, Inc., 55 Commerce Road, Cedar Grove, Hew 
Jersey, 07009. 

These tablets will preserve the formed elements for microscopic 
study and not interfere with tests for glucose, acetone, protein, or 
bile. Sodium potassium and hormone studies are precluded when these 
preservative tablet? are used. 

Abnormally colored t_ines often present a problem in the iabora^ry-' 
Page and Culver (5) discuss this in a most lucid fashion. Normal 
varies in color from faint yellow to amber depending on the cone*- . 

* ion. The main urinary pigment is urochrome. This is made up of 
several substances that have not been, chemically characterized. There 
is another reddish pigment of unknown composition called uroerythrin. 

This pigment co-precipitates with urates in acid urine. 

Abnormal appearance of a urine sample mav be due to the presence 
of formed elements which can be removed by centrifugation. If an abnor- 
mal color remains in the supernatant, this may be due to certain exoge- 
nous substances excieted in the urine or to endogenous abnormal pigments. 
Table II, adapted from Page and Culver ( 5 ), lists th' common exogenous 
pigment*, ♦hat may colo** the urine. 

The Table follows on page 8. 
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Sid^.-rt" pij^re^i- that say r lor th;- urine faaoegicbln, ayc^loblQ, 
t\l r ; r-:r>.%ir. Irdolev, fi^piyriw. fu«i tb^ir deriTmti ves, hwao- 



omtisic ac!=' and usidnogen. Xcthois Ter Identifies vi-u: cf th-*se sut- 
sr? c-aefteinei in tnosl staai&ri laboratory iens. 

’ V** 

Ar.c^her Tirxv^ aria? that f^reqoafilly causes concern ic a noe- 
diabetic is *_be ?r -rset-cc -of *£-: rote b«?dits. Tb-: eet-tvic V~ii.es. 

acrc<c"{: - rid b?5a hvd r-r«y lin lyric »ci~. e^var in the 
-,rir.-: sS *• re-ctl t of increased fat catabolis*. TVt »»y appear Ir 
tvi-.j r.ts ir high far-low -~ar bisydraie ciehs, ir starsariac ard ic 
diabetics. 

*3ae foregoing ar-. jurt sate of the tror-isae: ib&t 3*jr arise daring 
rfes er-.irse of a urine erai neti:c la -he laboratory. Tfcey represent, 
la "be a'Jtbnr's experience, saaje of the cutanor. y rob leas. S^re are oanv 
o'h-ro . Since a orioa^ysis shcul* be regarded as ''renal biopsy' Sc rsany 
r.-ro:c r i the "etriercy ;d treat it e&sxllv is go isore warranted tk» was 
■‘he " ---'i:ncy tc .v-.r=$tiait? its nlep that was the tosus in tfee early 
years cf the prerer.t century. 
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7N: Light -scatter log properties of single bacterial cells were examined as a 
possible a rea s of identification- Three species were studied vita S treptacoccaa 
laecalis exnibiting a *_niqae pattern; the Li^it -scattering traces for StapIglacxaB 
aureus and Escherichia coil were quite similar slthn h lifSerences £*'sted>. Based 
Xs pcelirdnary investigations, the light -scatter Ixg approach appeared pronisicg with 
additional research needed to iecltne a wide variety of bacterial qecies { coapoter 
capability to handle end analyse data, and expansion of Light-scattering theory so 
L>-iade bacterial cells. 


it is geaerall:- rccogaited that the modern microbiology laboratory utilises pro- 
cedures cere loped to the I5th century, tfith a few exceptions, bacteria today are 
cultured, perilled, counted and identified in *r cfc the saae B ann er as they were 
12* years ago. Unlike the rapid progress wade in antomtlng eUptrmi 
only, ffeint progress has been asde in the development of automted technle-aes for 
the routine procedures xn a eicrabwljsy laboratory On the other hand progress 

bb£ bean even slower in developing new methods for the identification of bacteria 

although a nusfeer ~i approaches are being pursved including the use of gas cfar~ - 

(p) 

ratogrephs- This paper describes a different approach to the problem of identi- 
fication end is based on the light-scattering properties of single hr rterial cells ^ 
' It is tbs purpose of this report to describe the light-scattering technique, present 
soot pre Urinary data for a limited rasher of bacterial species, indicate problem 
areas and the need for farther investi^tloos. 


- 153 - 



MATERIALS AM) WTHttS 


Bacteria : 

Staphylococcus a ure u s 12600, Streptococcus faecal is 127SS, and Estheridiia coll 
12014, obtained from the Anerica Type Culture Collection (Rockrille. Maryland} 
were used in these studies. Stock cultures were Maintained on Tryp" tease Soy 
Agar (TSA;B8L) slants at 5C and transferred monthly. ' 

Cell Suspensions: 

To prepare cell suspensions for light-scattering me a sureueuts , the organisus were 
subcoltured into Trypticase Soy' Broth (TSB;BBL) and incubated at sst for 24 hours. 

The broth cultures were then diluted 10-fc-ld in sterile distilled water and 
0.S cl of each dilution used to inoculate TSA places which were incubated at 35 C 
for 10-20 hours. Surface growth was scraped fron either the 10~1 or 10~ Z dilution 
with at inoculating loop and suspended in nine nl of distilled water; care was 
exercised to smiJ co u tan inating the suspension with agar. Turbidity of the 
bacterial suspension was adjusted tc coapare with a suspension of 0.81 niexon 
polystyrene latex spheres (Dow Chemical Conway) prepared in the following Banner; 

0.02 nl of a stock suspension of latex spheres, containing 10 perc e nt solids, was 
added to nine nl of distilled water and further diluted 1 to 10 in water; experi- 
ence has shown that the bacterial suspensions contained at wit 10 7 cells per nl. 

All suspensions were thoroughly vortexed «.*» insure uniform dispersal and to breakup 
cltaps of spheres or bacteria. 

Light-Scattering Meas uro — cnt s : 

The bacterial suspension was introduced into the scattering cell of the Differential II 

light-scattering instrument (Science Spectral, Inc.) by means 

-it&- 


of a DeVilbiss glass 



nebulizer (the DeViUbiss Cs^soy) -hich bad been cleaned by soaking 2t iwrs in 7 
D-oXL (ktiooal Laboratories), rinsed twice in distilled eater and air dried; 
prior to actmi use the nebulizer was rinsed twice with distilled water filtered 
diroi^i a 0.2 derm filter. The nebulizer was then positioned in the Differential II 
:oaule and the input line fra the nitrogen tank was connected to the nebulizer and 
the output line Ero~ the nebulizer attached to the' scattering cell. One kL of the 
bacterial suspension was edded to the nebulizer and the bacteria Introduced into 
the scattering cell by depressing the nebulizer control button. T h r ou gh a coribina- 
tios of poeuaatic and electr os tatic controls, cm individual cell was isolated and 
positioned in the center of the laser teas. The cell was then locked into position 
;; leans of an autonatic leritator. The laser light scattered by the bacterial 
cel\ was intercepted by a detector which cored in a horizontal arc of nearly 10O 3 
around the bacterium. The mpll fled signal froa the detector was then fed to a 
recorder which automtically recorded a plot of the scattered light intensity as a 
function of angle. All neenmats were node with the photowLltipLie” detector 
input set at 103G volts - 

DISCDSSIOS CF RESULTS 

>.t the outset it should be pointed out that these results are preliminary and 
consic :-rdxly sore effort will be required before firn conclusions can be reached 
re i^rding the value of this technique for identifying bacteria. Sven though the 
eata ere United, soae interesting observations have been wade on the three species 
studied. The light-scattering traces for Streptococcus fhecalis . Staphylococcus 
f.jreus, and Escherichia coll are presented in Figure 1. Four scattering traces 
for each bacteria’s are shown. Sore obvious differences and similarities are apparent. 
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i.e., ue absence zf £. fxirth peak in S. Recalls and toe j re rail slidlsrltj- between 
-i* traces Tzar aureus and E-_ coll- In an attest tj delineate these differences 
and si Clarities, the scattered Light intensity far each peak angle was aeasured 
am these data are presented in Table I. Far ease of reference the peaks were labelled 
alphabetically, i.e., the first peak A, second B, etc., vith an arbitrary scale or 

0 so 100 set lor the relative intensity of the scattered light. After reviewing the 
rio'cree and the data in Xfeble I, only general concents can be offered et this tise. 

rue jsi' apparent difference between the three species *s the absence of a 

1 jura peak for S- faecal is end the positions of the peek angles for this or^nisn 
cich generally were shifted to the right about 10 to 20 degrees as coopered to 

Jx other two species. 


ijt ;or dUT~veaces between the other two species was the increased height of 
peck A for coli over aureus and the reverse situation for peak B; peaks C 
and D apeeared at the saae angle with about the sane scattered Light intensity. 

Toe results of these initial investigations are encouraging. However, there 
rerains the need for xrt exhaustive studies in the following areas; scattered light 
aeesureuents are needed for a wide variety of bacteria which are texoaosLcaily and 
aarpijobgically similar. In this regard, the similarity aetwe&a the traces for a 
coccus, aureus, cad a rod, coll are difficult to explain although the possi- 
bility exists that in the population of coll examined, some cells were coccoid in 
shape aud it could have been these cells which were measured. In view of the fact 
that identification with the light-scattering technique is based on a Limited number 
of parameters, i.e., sire , shape and refractive index of the cell and eye top las*- ‘ \ 
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there exists tbe need for computer capability to store, retrieve a ad analyze lar&e 
er»Qts of data for statistical analysis, such as distributions, correlations, etc. 
Along these saoc lines the need also exists far in extension of current llgtt- 
scatteriqg theory and the devebpsat of new theory for coos? Lex tacterlal cells^). 

Finally, oc operational problen which has to be corrected electro: really or deals 
vita through statistical analysis is the distortion of the traces resulting trzz. 
aoveaest of tbe bacterial cell while it is trapped in the lerltator- Unlike latex 
spheres which consistently produce "clean" traces, the aajority of bacterial cells 
xyre in either a vertical or horizontal plane and tbe resultant light-scattering 
traces are difficult to analyse. 

Ar, pointed out earlier in this report, considerably sore work, vill be required 
before the value of this technique in ide .tifying bacteria can be determined. 

Based on Lid ted experience, it would appear that the Light-scattering sethod has 
proo.se but its relative position ir the taxoooole scheme of identifying bacteria 
will depeud on tbe results of future s tidies. 
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TABLE I 


SCATTERED LIGHT INTENSITY AS A FUNCTION OF PEAK ANGLE 
FOR THREE SPECIES OF BACTERIA 


Bacteria 

' 1 

Peaks | 

A 

r B 

c J 

D 

SLI* 

PA* 

SLI 

PA 

SLI 

PA 

SLI 

PA 

Streptococcus 

faecalis 

42** 

(40-43) 

48° 

18.1 

(17-20) 

95° 

17.7 

(17-19) 

13. J 



Staphylococcus 

aureui 

68.2 

(65-72) 

40° 

24.5 

(23-25) 

77° 

17.7 

(17-19) 

110° 

IS 

(14-16) 

135° 

Escherichia 

coli 

81.2 

(72-92) 

35° 

18.1 

(17-20) 

80° 

24.5 

(23-2S) 

110° 

15 

(14-16) 

135° 


*SLI - Scattered Light Intensity, Scale of 0 to 100 
PA - Peak Angle 

«* 

Average ( ) Spread 
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ABSTRACT 


An exercise arjfra* was initiate! is a F^-ral agency in oraer to 
s'-sess Ihe /esslbiiitj ,t seh s ;rc^r«:. as well as to identify 
the inters which Iciflaesxtsa vr i-m t-?r dR£, £jh:-r'nce, end effec- 

i,f ibc Erogras- ife?- jsregna: was utilized ty -37 or Uk 92*5 
eligible Federal espi-syees, sT.:* a isser. sttsoiaac? of 1-1 per 

vi-ei- lfa? ve vbs r-V-steer;! r-c reels e~ a need fer increased pigrsJ--»< 
K'ivity. felt tfej M saff Iciest tisse to participate, end derived 
iibie: r -iv. --= veil %c objective be^fits - Significant L’Sgtr o vgcnt 3 
v-trt 1 iwu. li; bear! rate r«?«r»se te the ;ts <iard exercise test, 

Ootl" - Vt .-il *f8sar®o=u«, «nd tridyoer: ~ . s . A. consistent 

reiativosl ? vsu* fesss between sw-jectivtiy reported effects of the 
r.rwtra» c_. vori. . health bebits, sai behavior, and iaprovesent in 
car>. : ior4;;itlar function, ts*eu an tread-ill perforsaace. Soeerous 
v-Tsaai and prognostic ftetors iafi'ieacing volunteering end 


participation «tr« identified.. - 



Physical activity may exert a positive lnflaence ca the preserva- 
tion and enhancement of cardiac status- x A mfter of e^teriaespu end 
epidemiological studies have iefintd aa association oetween ^yskal 

inactivity and greater frequ enc i e s cf sodden deats, syoeariial ' 

2-6 

infraction, and coronary artery disease in general . this associa- 
t tonal, eridsace is strong aaqtfi to cause any pfcysiciees and ozh~r 
health profe ss ionals to eoonnge increased physical activity as a 
preventive 1 and as a health enhancement aesssrfc, and to seek. Mays of 
Institution cf effective exercise pro gram s for sedentary populations. 

This paper deals with the results of an "ac-the-Jch" Health 
Evaluation and SriKicaHit Progr am conducted Jointly by the P i eve n - 
sive Programs Section of the Seart Disease and Strode Control P rogr a m 
of the C.S. Public geaith Service and the PI vis ion of Occupational 
Medicine at MSA fieedqoarters. 

Slide 1 

The objectives of this P r ogra m mere: 

1. . TVs assess the feasibility of estab Jsalng an effective 

exercise prograa, with careful meiical evaluation, within 
the employment netting cf a Federal agency. 

2. To identify and define tins* factors that influence Tiiott- 
teering, adherence, and parograe effectiveness in modifying 
selected cardiovascular risk factors as well as health 
attitudes and behavior. 
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J. T c provide guidelines :or tfc» future dndspnt toi 

»M nl still «i of effective ejo-rcise progr a ms vidda 
Stnenaent and industry- 

Slide 2 

All eiigibies (ale, age J '55j C onaa M a * pay ratlqg of 11 c>» 
higher, directly employed by USA in Idle washlngtrc, S.c. area) were 
identified frc* a payroll list-leg- These see acre notified of she 
institution of the Program by sn Baaaac egg*. In the ESSA fciiy 
Bulletin, by individual letters, aad by ssetiop. Tolnateers 

were asked to prorJ/fe evidence of ccswat from their personal physician. 
5acc volunteer thee, received a bat rilre evn .iwtkr - consisting cf a 
self-afednistered medical aad dietary history, dwl 2-rey, CBC with 
differential, urlaa lysis, 2-boor iitt-prcdial blood glucose, fasvm~ 
cholesterol, ftstin? + glycerides, uric add, creatinine, acthrcpo- 
sretric mens resects, aad a detailed physical examination. Social- 
psycnologica -data dealing with tht indlTlduBi's health attitudes, 
habits, aad practices were obtained t hr o u gh personal iatercie* anJ 
seif -administered questionnaires . In addition. Testing SDG, Double 
Master, and multistage treadmill tests were conducted at the Applied 
Physiology Laboratory of the Heart Disease and Strike Control Program 
at -Georgetown tbiiversity. 

Each volunteer vas then brief", as to the results cf Ms baseline 
evaluation, instructed in how to take his own carotid pulse, and askea 
to Join the exercise program of his choice. 

The Stress Lab Program, located in the sub-basement of one of the 
3ASA buildings, was a supervised progr a consisting of a circuit of 
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sequential activities: not up, trwMll, speed bag, bicycle, sail 
policy, rope jap, sit qp, rowing, balance bets, tradnll, medic! ae 
b*'l, aai taper u?T. Exercise loads were laiiTldaily tailored to 
that each subject reac h ed 8^ <«f hie oxtaa predicted heart rcte^ oc 
the bicycle, rape jap, nairg, and se con d tree ^ill exercises, and 
7^ of his mrfia predicted heart rate on the reminder of the 
exercises. 

'Zbe Joggiag P rog ram m also a supervised program conducted at 
the An a co stia ■aval Ac aex, about i>15 sioces drive tram MSA Use 
Program consisted of intervals at jogging and wlUag, progressing in 
both actual tiae spent Jagging and in rate of speed . Se sane heart 
rate prescription methods sere seed. 

The Individual Pr og ram as mspervisei, end need about the saae 
exercise prograc as ass used for the Joggers. However, tin subjects 
did have the cp&lcn of tuning in place, bench stepping, bicycling, 
swiaaing, basketball, and skiing. Subjects in all pragmas were asked 
to exercise for about 25 aiinrc.es three or sore times per week. 

After the program had been in operation for about six months, 
each participant i-as interviewed concerning factors influencing his 
adherence- At 12 months, the following parameters were re-assessed: 
selected health habits and attitudes, cholesterol, triglycerides, 
resting EOS and treadteill test, dietary patterns, anthropometric 
manures, physical activity and smoking patterns, and progrtr: effects 
on vo^k, health, habits and behavior. 
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Slide 3 


A total of 998 persons net the eligibility criteria. Of these, 

3M volimteered for the pmgran, and 2?1 cofletEi the baseline 
endmticD. ^prol—tely 60jt Joined the Stress lah Progr— , 20f> 
joined the Jogging Progra.__, and 20^ Joined the Inilvidnal Program. 

Of these she actually Joined an exercise progran, 237 or about $0% 
also participated in the retest eaanjaathon. Rmd a n aayla of non- 
participants were interviewed kerning their. reasons for not Join- 
ing the Pra§rc!. Of the reasons cited. Jab cr sork-relcted reasons 
such as hanry workload, travel scnednle, and lack at tine were aost 
prereknt. Sert were r- a sc B S relating to operational aspects of the 
P ro g r a m sw* es the lowUqr mnfirtltiiiir and tL need for consent fron 
a private physician. The third reason nentioced was that the non- 
pertlcipant felt be ns already in good physical condition, and did 
not need to be ~?re physically active. 

Slide h 

Adherence, as assessed by attendance, is reaaricably for 

the three ororraas. The nesn attendance was a little less than half 
of that prescribed. During an average week, about half of the ss&Jects 
c *jd not exercise at al l, about one quarter exercised one or two days, 
and one quarter exercised three or sure days. About six nonths after 
the prograa began, the participants were interviewed concerning the 
factors .hich were influencing their participation. Of toe factors 
cited as boring a negative influence on their participation, workload. 
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trawl, conflicts *db and Program schedule, and physical 

problas were amtlcrnl <u . frequently. luck of motivation ms 
mentioned hr* only -rf rf 'he participants. 

Slide 5 

Repeat t readadll tests rre con darted on 237 of the participants 
one year after their baseline exurclnr tlon. In addition, 1 £ men, 
depicted as "nxi-exe reisers' were retested. These men were physically 
inactive before, dozing, and after the Program ms initiate*, and were 
included to dei cost rate ssy change in -heart rate response that might 
o ccu r over the year interval which was not due to the exercise pragma. 
Indeed, there »«s a difference, bet not a statistically significant 
one. The heart rate responses of the Biddle and highest tercile groups 
of attendance were significantly different fron the lowest tercile of 
nttenders at the p=0.01 level. There was no significant difference 
b etween the Middle and highest tercile groups. 

Slide 6 

There was a distinct increase in the w ean change in tine on the 
treads. 11 required to r*ach a heart rate -rf lid beats per minute in 
the middle and highest -ere lies of attendance In the Stress Lab Program, 
and in the highest attendance tercile in the Jogging P r o gr a m . These 
differences are significantly different fro r. the total lowest tercile 
group at the p=0.01 level. So significant difference was obtained for 
the tercile group In the Individual Program. 
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Slide 7 


Siaple linear regression analyses vers ran between attendance and 
selected re-test parameters. Correlations were demonstrated between 
attendance and heart rate response (0-3^ and 0.36), triceps sltnfcld 
(0-33)* and body weight (0.30). There was no evidence of association 
between attendance and cholesterol. The correlation with triglyceride 
levels was weak, but significant. 

Slide d 

The s; we analyses were run for eech exercise program. Correlaticns 
between attendance and exercise heart rates, and s ki ref olds were greatest 
among the men it the Stress Lab Program, and smallest in tbe Individnal 
Program. Significant associations between attendance and triglycerides, 
systolic blood pressure, and diastolic blood pressure were found only 
in the Stress l*'b C-rca. A separate wultlple regression analysis was 
oerforned involving atteuiSance versus heart rate measures and body 
weight. The results of this analysis Indicate that the changes In 
heart rate were net significantly influenced by changer in body weight. 

Concurrent with th* f isal aedfeal evaluation, an assessment was 
made of program effects cn the participants * health attitudes and 
behavior. A self -administered questionnaire was used to determine 
whether or rv»t participants reported and effects car changes in work, 
health, habits, and 1 thavlor which tbe participant felt were due to 
the progr am . Two-buired thirty-two participants completed this 
quest lonnaire . 


-l 80 - 



Slide 9 


The relationship between the reported effects on work performance 
and attitudes t* and work is strong, and correlates veil vith atten- 
dance tercile. The participants reported that they eorld work hard ^-r 
both mentally end physically, and that they enjoyed their work acre, 
and found their normal work routine less boring. 

Slide 10 

Changes or effects reported in relati'li to a person's health 
included increase! positive fedi^ about one's health status, 
increase in stasia end energy, weight reduction, end a decrease in 
the level of stress and tension experienced. 

Slide 11 

The effects reported on health habits end behavior included change 
in diet, increased physical activity beyond the program, expanded 
recreational activities, no re adequate sleep and rest, and changes in 
smoking behavior. 

Slide 12 

In order to obtain sone insight into the accuracy of these effects 
reported by the participants, mult 5 pie comparisons were made between 
the reported effects and the effects actually measured. One aspect of 
this analysis conce-ns comparison of reported effects with change in 
treadmill test parameters. Those vhc reported greater stamina, for 
example, did have gr<-_ .r stamina. In other analyses not presented on 
tlis slide, those who reported weight loss actually did lose weight. 
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Those who reported increased physical activity beyond the progm did 
show slightly greater 1* prove* ant in their exercise test results than 
those In the saae verciie groups who did sot report increased outside 
activity. Therefore, there seexss to be setae validity to these reported 
prograa effects. 
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OBJECTIVES OF STUDY 


1) TO ASSESS THE FEASIBILITY OF ESTABLISHING AN EFFECTIVE EXERCISE 
PROGRAM. WITH CAREFUL MEDICAL EVALUATION, WITHIN THE EMPLOYMENT 
SETTING OF A FEDERAL AGENCY. 

21 TO IDENTIFY AND OEFINE THOSE FACTORS THAT INFLUENCE VOLUNTEERING, 
ADHERENCE, AND PROGRAM EFFECTIVENESS IN MODIFYING SELECTED 
CARDIOVASCULAR RISK FACTORS AS WELL AS HEALTH ATTITUDES AND 
BEHAVIOR. 

3) TO PROVIDE GUIDELINES FOR THE FUTURE DEVELOPMENT AND ADMINISTRATION 
OF EFFECTIVE EXERCISE PROGRAMS WITHIN GOVERNMENT AND INDUSTRY. 
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FREQUENCY DISTRIBUTION OF NASA PERSONNEL 
BY NUMBER, PERCENT OF EU6IBLES, 

AND PERCENT OF VOLUNTEERS 


*Sv. 


1 . 

STUDY PHASE 

NUMBER 

OF 

PERSONNEL 

i 1 ■ 

PERCENT • PERCENT 

OF OF 

ELIGlBLES ' VOLUNTEERS 

ELIG! BLES 

998 

ioa o 

ATTENDED ORIENTATION SESSIONS* 

562 * 

56.3 

1 

VOLUNTEERS 

348 

34.9 

100.0 

COMPLETED BASELINE EXAMINATION 

271 

27.3 

1 77.8 

ASSIGNED TO EXERCISE PROGRAM 

239 

26.0 

74.4 

1) STRESS LAB 

156 



44.8 

2) JOGGING 

59 

16. 8 

3) INDIVIDUAL 

44 

12. 6 

COMPLETED RETEST EXAM WON 

237 

23. 7 68. 0 


• Estimated 
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Treadmill Test Results: 


MEAN CHANGE IN TIME REQUIRED TO 
time REACH A HEART RATE OF 140 BEAT?, 'to JUTE 

(In Minutes! 



LOWEST MIDDLE HIGHEST 

TERCILE TERCIU; TERCliE 

ATTENDANCE ATTENDANCE ATTENDANCE 


ru.inK f. 




correlation of mean days exercised per week 

AND SELECTED DEPENDENT VARIABLES 

(All Participants) 


OE PENDENT VARIABLE 
(Percent Change In:) 

COEFFICIENT 

OF 

CORRELATION 

p VALUE 

CHOLESTEROL 

-0. 01 

MS. 

TRIGLYCERIDES 

-0. 14 

0.05 

TRICEPS SKINFOLD I 

-0.33 

0.001 

BODY WEIGHT 

-0.30 

0.001 

SYSTOLIC BLOOD PRFSSURE 

-0.18 

0.01 

DIASTOLIC BLOOD PRESSURE 

-0.1C 

N S. 

12-MI M STRESS TEST HEART RATE 

-0. 36 | 

0.002 

15-MIN. STRESS TEST HEART RATE 

¥34 1 

0. 002 


N. S. ■ Not Significant 
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CORRELATION OF MEAN DAYS EXERCISED PER WEEK 
ANO SELECTED DEPENDENT VARIABLES 
(By Exercise Program) 


DIFFERENT VARIABLE 
(Percent Change ln ; ) 

STRESS LAB 

JOGGING 

INDIVIDUAL 

* 

P 

IT 

P 

* 

|j> . 

CHOLESTEROL 

•0, 12 

N. S. 

0.00 

N. S. 


N. S. 

TRIGLYCERIDES 

-0.27 

0.01 

0.00 

N. S. 


M S. ; 

TRICEPS SKINFOLD 

-0.46 

0,001 

0.00 

N. S. 


N. S, 

BODY WEIGHT 

-0. 37 

0.001 

-0.25 

0.05 

-0.07 

N. S. 

SYSTOLIC BLOOD PRESSURE 

-0. 34 

0.001 

*0.21 

N. S. 

0.00 

N. S. 

DIASTOLIC BLOOD PRESSURE 

0.17 



N. S. 

I 

N. S. 

12-MIN. STRESS TEST HEART RATE 

-0.43 



a oi 


MS. 

15-MI M STRESS TEST HEART RATE 




Of 

0,00 

N.S, 

NUMBER OF PERSONNEL 

149 


46 

■ 

42 

J 


R - Coefficient of Correlation blidk m 

N. S. • Not Significant 
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IMPACT OF NASA STRESS LAIi PROGRAM ON U.S. COLLEGES 


Ue arc all familiar with many of the s ide benefits accruing to the nation as a 
result of the NASA missions in space. However, the citizenry, including the 
empress, often seems to take f r granted accomplishments that seamed fan- 
tastic in the pre-NASA age - telemetry , miniaturization, high perfonrance 
metals, etc. - all the way up to lunar geology. Purely as a result of NASA 
activities the American life style has b?en profoundly influenced in thousands 
of aspects. 1 firmly believe that the space shuttle - Sky Lab - indeed, any 
XASA program has an ancillary thrown fl that justifies its cost regardless of 
the success of the primary mission. And I have firmly registered this con- 
viction with my Congressman and Senators - as have many others in cur or- 
ganization. 

A ad yet, the pressure mounts for cutting back on NASA programs - 1 just don't 
understand it. We Jwn't seem to get out priorities straight! 

My purpose today is to describe another small, unheralded - but potentially Im- 
portant effect that the NASA program is carsing in the field of physical education 
in our nation's schools and colleges. Please understand that this is not in any 
sense a scientific paper nor a research report - it is only a programmatic 
narrative. My personal "raison d'etre" in the health care field, and in the para- 
medical service corporation which l bead, is in planning and administration. I 
am a "doer. " an implementer of the concepts cre«*ed fay physicians and other 
scientists. Thus, ! won't be upset if you consider .ae just a change of pace from 
the exotic r oncept of Infrasound or the heady wine of Infrared Space Photography 
which Dr. Park presented yesterday. 

The Crisis in Physical Education 

Perhaps you did not know that the *e was a crisis in physical education (to go 
along with all our other current ci ises) and, frankly, we didn't either. However, 
we were approached about a year ago by Professor William Jo'/mson of the Depart- 
ment of Physical Education of the Brookdale Community Collr ge, Monmouth County, 
New Jersey, and he toil! -s about it. Professor Johnson presented a fascinating 
story of how- the conventional concepts of physical educati_»*i in secondary schools 
had fallen into disrepute. Students were unhappy, faculty members discontented 
and steely-eyed administrators were menacing. He set u:: off on a literature 
search and a mounting interest and confirmed the e.vstec?e >f a real crises. Con- 
sider ihe following quotation from an artloP in *he Journal o: Health, Physical 

"Physical education in tne secondary school, as we know i», must eoon 
be changed. If we, the teachers of physical education, do not institute 
the necessary changes, another group or combination of groups will 
force changes and physical educators will have co choice but to accept 
them. Throughout the country, college students and, more recently, 
high school students are demanding a strong voice in the total educational 
process. They want a say in the subject matter, bow it will be 
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taught, and who will teach it. Many colleges have been asked to 
do away with required physical education. The students find it 
repetitious, too time consuming, unrelated to their mode of life, 
and without purpose in the structure of the institution or the society 
as they view them. " 

We also found evidence that this type of criticism was not confined to forums of 
professional interface - that in fact the Public Press had even picked up some of 
the criticism and reported instances of actual rebellious action. An article in 
the Newark Evening News was directly to the point. I quote: 

"College students rarely are enthusiastic about physical education 
classes and when the program was eliminated at the close of the 
196S-69 academic year, a collective sigh of relief was heard 
across the Rutgers College campus here. The traditional two-year 
physical education requirement, dubbed "fizzed" among other less 
palatable names, was intended to meet the needs of some 3,000 
freshmen and sophomores. It held on despite questions of its 
effectiveness and value. Educators at all levels have wondered if 
the time spent on physical education during prime instructional 
hours was worth it. Many see the reform road as a long one 
filled with large budget gaps and keen curricular competition between 
a myriad of subjects. But in add! ties, the reformers must also 
convince the great mass of marhine-age Americans, who have never 
exactly flocked to tedious exercises, that there is some intrinsic 
value in regular exertion. " 

Of course this situation really should not surprise us. Many of us can remember 
the vast outcry that stemmed from the World War II statistics on the number of 
draftees that were rated as physically unfit for military service. The sad state of 
fitness of the nation's youth ias beep moaned about ever since and limited steps, 
such as the creation of the President’s Council on Physical Fitness, taken to try 
to alleviate the situation. The medical profession has been more or less standing 
aside, although in recent years the effect of fitness on the cardiovascular system 
has been of great interest. The AAIA's Family Health Magazine put together a 
panel a year or so ago and their report tied the problem directly to the teaching 
of physical education. In part the article read: 

"In America today, "physical education" comes close to being a 
farce. Most school gym programs are geared to benefit 10 percent 
of the children who need it least - the hotshot athletes who hog 
the gyms, playing fields, and coaches' time. The other more than 
41 million children - including the underweight, overweight, ahy, 
scrawny, awkward, handicapped, poorly coordinated, and just plain 
normal - get short shrift from most of their gym teachers. " 



and this theme has been echoed and the point of blame focused rather ahrrply 
by Or. Vernal Seeeldt of the University cf Wisconsin, who stated flatly: 


"The colleges and university nave been Join*, a horrible job in 
preparing physical education teacher i. " 

The Physical Education Department at Fr* xdale Community College had decided 
not to simply throw ut their hands aud aisu^ defeat. They were convinced of 
the values of physical fitness and that thexe should be innovative methods of 
teaching physical education which could cuarttarbalarce the criticisms. P*rbape 
the theme for this belief wai> best phrased fay Professor Michael Scaoche* who 
said: 


"We know the worth oi physical education, but if we do not meet 
the needs of the currec*. students in today's world, I fear for our 
future in the total school curriculum. We must make a break- 
away from worn out traditions. We must find new spirit, arouse 
our imaginations, and be certain we are <king a good solid job 
of teaching necessary skills and not simply organising a high 
priced repetitive recreation program." 

Now what has all this got to do with NASA? Well, at Brookdale they had taken 
note of the 1370 article in Fortune Magazine which hid referred to the NASA 
Stress Lab program and stated some of Dr. Fleck's c -incepts and procedures. 
This article piqued their interest and a call to Dr. Fleck brought them a refer- 
ral to the home offices of National Health Services, Inr. and our Vice President 
for Program Development. Gus Frvnk. Although our field of work in occupation- 
al health, preventive medicine and health care systems has never involved peda- 
gogical education, we volunteered to tiy to be of assists ice to Brookdale in a 
consulting capacity. As I am sure most of you are aware, NHS has been deeply 
involved in the Stress Lab program from its very inception, primarily through 
Dr. Fleck’s assignment at the NASA Headquarters Medical Program, (incident- 
ally, Dr. I-'leck was elected a full Vice President of NHS, I nc. in 197ty ard later 
on through assignment of the total contract responsibility fer the operation of 
the Stress Lab at NASA Headquarters. A Brookdale delegation visited the Stress 
Lab, whici was arranged through Colonel Limoncelli and Dr. Arnoldi, and they 
came away a pretty excited bunch of college professors. 

The Bro o kdale Philosophy and Program 

After an extended period of discussion and planning an adaptation of the NASA 
Stress Lab pregram began to emerge as a possible solution. The basic concept 
would involve construction of a series of small stress labs to be called "Fitness 
Learning Centers." The entire philosophy of teaching physical education would 
be altered and an individualized emphasis on fitness would be the core idea. In 
an internal memorandum the following recommendations were proposed to the 
College's Board of Trustees: 
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"It is recommended thrt Brookdale extend its philosophy of ft 
learner - and learning- centered institution treating the per- 
ticular needs of individual students to encompass the broad 
field of physical education, athletics, and recreation. Rather 
than an initial emphasis on competitive, spectator sports and 
the facilities to bouse them, the individual student must be 
considered first before the needs of the group. ....but the 
constant image oi "physical education" in its orientation to 
competition, teams, field house, transportation schedules, and 
so on, is inappropriate. It is recommended that the concept 
of "fitne-rS" replace the image of physical education insofar as 
it is s/aonymous with competitive sports. This recommended 
change in emphasis is oot trivial if the college is to substanti- 
ate that its point of concern is the individual. Even at the in- 
tramural level, there is overwhelming evidence that only a 
minority of students car physically participate in team sports 
like basketball or football. Of those students who do partici- 
pate, again only a tiny minority continue with the sport after 
college. Yet all students need and most actively desire some 
opportunity for good health, recreation, and, above all, physical 
fitness. Therefore, a program is proposed of decentralized, 
fitness-enhancing facilities related to the learning centers. Multi- 
use facilities for fitness and recreation should oe located near 
the learning centers, and Brookdale should place emphasis on 
non-gym spaces which students can use for "drop-in"' individual 
fitness activities." 

These concepts were accepted fay the Trustees and enthusiastically endorsed by 
faculty and administration. A "fitness" breakthrough had taken place which owes 
its genesis to NASA's Division of Occupational Health and Environmental medicine. 

Brookdale decided to establish an Aavi mcj Council to the Fitness Learning Center 
which would create community involvement and assure medical emphasis and con- 
trols. The Council is an unpaid voluntary group with an interesting diversity of 
membership, as follows: 

Dr. George H. Sheehan, Cardiologist, Red Bank 

Dr. Alden S. Gooch, Cardiologist, Deborah Hospital, Director, 

Department of Cardiology 

Dr. Arthur S. Leon, Cardiologist, Director Special Treatment 
Unit, Beth Israel Hospital 

Dr. Robert J. Alteveer, Stress Physiologist, Hahneman Medical 
College, Philadelphia. 

Dr. B. Don Franks, Coordinator, Bioklnetic Research Lab, 

Temple University 

Dr. Ken Tillman, Director, Physical Education, Trenton State 
College 

Dr. Tom Tutko, Institute for the Study of Athletic Motivation, 

San Jose State 'Jollege 





Mrs. Doraiee L. Denenberg, Exercise Physiologist, National 
Health Services, Inc. 

Mr. Augustus A. Frank, Jr. , Vice President, National Health 
Services, Inc. 

Mr. Leon Zu jkerman, B. C. C. Board of Trustees 
Mr. Kicaard P. Kleva, Team Leader, Fitness and Leisure 
Activi» J es, B. C.C. 

Mr. W. P. Johnson, Coordinator, Fitness Learning Center, 
F..C.C. 


The Brookriale Curriculum and Facilities 


The curriculum which has evolved from the Fitness Learning Center concept is 
many faceted. The keystone is the multi-station fitness lab program. The new 
Brookdale curriculum guide describes ‘heir role: 

"After establishing a pre-test routine and an individualized program, 
participation in the workouts will be determined by the "free time" 
in the participant's weekly schedule. Our lab hours are 10:00 a.m. 
to 10:00 p. m daily. Time spent in workouts at the lab are recorded 
or time cards. Time clocks are located in each lab. One of the 
most important factors in the concept of a "walk in" fitness lab is 
the availability of the facility. Our lebs are NOT located in the 
gymnasium but in »ho basement of our academic buildings. Each 
lab is equipped with lockers and showers for both men and women. 

This frees them from any conflict with our gymnasium, and makes 
them easily accessible tc students between classes. This fits our 
concept of fitness becoming a realistic part of an adult's life style. 

/•not ner important consideration was the adoption of the green hos- 
pital intern's uniform to replace the traditional gym uniform. This 
attire lends itself well to the scientific atmosphere as well as pro- 
viding a serviceable garment for the activ.ties. The public relations 
aspect of the community fitness lab is vital. Personal fitness like 
any phase of the educational process must become a part of an in- 
dividual's life style. To date we in physical education have not 
accomplished this goal. The blendmg of phys'cal education and 
paramedical service to develop tailormade fitness programs for 
every community will encourage community nart’cipanto to become 
involved .vith adalt life activities to maintain fitness levels. This 
is our goal for .ne 70's." 

The specific t-x ioise stations which were decided upon for tnese fitness labs 
are almost identical to tte NASA Headquarter's model. They are, in sequence: 

1. Treadmill walk fo: warm-up 

2. Speed punching bag 

3. Wail pulley weights 

4. P.ooe jump 
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3. Situps 

6 Rowing machine 

T. Balance beamtalk 

S. Treadmill jog 

9. Medicine ball toss 

10. Bicycle '■rgomestr 

11. Ccai-tii «&, Sanaa and showers 


Even he time Bar each exercise station ana total elapsed time of shoot 45 minutes 
for z complete soitout is almost identical to the NASA p ogram . 


The progrsr. is broadened beyond Use NASA in t«o -nteresdng -says te ac- 

cftitodsie to toe College envl moment. 

FIRST - A FITNESS PROFILE - To be gives; to ail incoming freshznes. 

It viii include the following is addition to medical exams and 
stress testing: 

a_ Physical Activity >1otiTihccsl Inventory - developed 
hr Institute for the Study of Athletic Motivation, Ian 
Jose State College and Brook dale Community College. 

h. Adult life sport skill tests. 

c. Add: life sport knowledge tests. 


The results will be used to: 

a. Precept students into adaptive utness programs. 

h. Ideal: iy any cardiorespiratory health problems. 

c. Serve as a challenge to the physical education 
requirement. 


SECOND - FITNESS LEARNING CENTER COURSE OFFERINGS - vhtcfc 
attempt to provide the students with instruction in many 
uuuil life sport saIUs; for example: 

Beg- lining Swimming 
Inte _ mediate Swimming 
.’wit iming and Water Safety 
Got: I 
Golf II 
Bov-Lin,; 

Folk Dance 
Modem Dance 
Cycling 



Personal Fiuiess 
Tennis I 
Tennis fi 
.Vrciiery 

I epartrr.eci-J Assistant 
Fencing 
Seif release 
Scuba ' 

Scuba H 
SvBag 

The Spreading Impact of the Brookdaie Program 

Of course, there may be many similar innovations of which we are unaware - 
however, it is clear that Brcovcaie will not remain an isolated iconoclast axr.ocg 
colleges- Brookaale's first fitness lab will not even open for another month or 
so - yet some repercussions are already apparent, 

1. A 5-?fciai seminar oa the Brookdaie concept has ^een scheduled 
for the November regional coaferer.ee of the American Assoc- 
iation of Health, Physical Education and Recreation. 

2. A similar special program is tentatively scheduled for the 
Association's national convention in Houston, Texas, next March, 

3. The Passaic, New Jersey, Community- College Las it eluded funds 
us its budget for a program identical to Brookdaie’ s. 

4. Piofessor Johnson and his associates at Brookdaie ~ave received 
many inquiries and request- r 'r guidance from other colleges. 

Cl earl} a process has been set in motion, spawned by NASA, which may very well 
contribute to a reshaping of physical education throughout the nation. The potential 
benefits for our country's youth is incalculable. 


In aii iikeiihood NASA will get little credit for this additional side benefit of ita 
primary mission. It’s a shame! 
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AN OPERATING ENVIRONMENTAL HEALTH PROGRAM 


*>T 

Jose G. Li para, H.D. ; Bichat d L. Masters, H.D., M.P.H., F.A.C.P.M. ; 
and William R. Winter, M.D., M.P.H., F.A.C.P.M. 

Oar modern tine is characterized by climactic and epoch making events. 

Our noaiaaental achievements in technology ow phenomenal progress are 
unprecedented in nan's recorded history. In just a short tine span, we have 
progressed from the age of industrial revolution to the atonic age, and with 
a "giant leap" to the space age. The rapid succession of scientific advance- 
ment has necessitated an equally rapid social change. As innovation in our 
society accelerated, the impact of this "progress" on demography and occupa- 
tional structure was inevitable. We have created a new society sore sophis- 
ticated and prosperous as the result of the cumulative effects of new 
discoveries. However, the fact that the frontiers of knowledge have been 
pushed and expanded beyond the previous limits does not in itself insure a 
better world. Despite the wonder cf these achieveamts, progress has orought 
with it health hazards and inherent health problems. 

Health has many different meanings to many people. Health has been 
defined by the World Health Organization as ''a state of complete physical, 
mental and social well-being and not merely the absence of disease or infir- 
aity." We prefer this definition, since it embodies a utopian desire which 
can be fulfilled, but only by the absolute commitment of man's total resources 



and chose of his environment . It is, however, challenges of this sort that 
have brought us to the threshold of a new era in medicine. 

In recent years, with accelerating social change, there has been an 
increasing interest in health, and oc a Much wider scope, in ecology. These 
areas have now be cone a national preoccupation. The issue of ecology invar- 
iably nurtured the cropping of a variety of experts, variously called ecolo- 
gists, environmentalists , and antipollutioaists. Since the practice of 
industrial aedicine is essentially an element of environmental aedicine, the 
occupational aedicine physician aust aake his influence felt in the area of 
environmental medicine if we are to aaiatain our rightful position in the 
medical hierarchy, let us divert for a aoaent to define environmental medi- 
cine as that branch of aedicine dealing with the health effects of the 
interaction of the human body and the total environment . It Has interrelated 
areas of interest, and, its study most, necessarily, involve an interdisci- 
plinary and sail t id isci pi inary approach. It is difficult to trace the develop- 
ment and emergence of environmental health and environmental aedicine, since 
it has risen from so rmny interrelated disciplines, such as physiology, with 
its investigations in hypobaric and hyperbaric effects, hypoxia effects and 
biorhythms, and many other areas of study. We cannot overlook the contribu- 
tion of occupational medicine to the development of the more global concept 
of environmental medicine. Certainly, environmental medicine has been in 
large oart stimulated in its development by the studies and pursuits of envi- 
ronmental medicine specialists in attempting to help man cope with adverse 
effects of his environment. The occupational medicine specialist was among 
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Che first Co realize that we could not always change the environment, but 
rather must in some way attempt to protect man fro* the environment. 

In the past, industrial health Unteaanw; programs have been able to 
cope with industrial health needs. Vast knowledge was gained and industrial 
medicine has become a specialized discipline. It has been recognized as a 
medical specialty, but not without tumultuous emotion from the profession. 
Among other things, the practice of industrial medicine in Government, or in 
private industry, often elicits in the mind of the physician and the layman 
a kind of dubious activity. The practitioner of industrial medicine is fre- 
quently looked upon by other practitioners as one vhj does physical examina- 
tions, applies bandages, and dispenses aspirin. Too often occupational 
medicine is looked upon as a retired physician's job, with some level of 
scorn from the private sector of medicine. Through exemplary achievements 
some specialists are able to extricate themselves from this predicament. 

Few rise above reproach but if they do, they are considered out-and-out 
competitors to private practitioners , if not a formidable enemy. These un- 
toward emotions are still persisting today. Although our motives are altru- 
istic and our activity complimentary to c-e r practices of medicine, it is 
pathetically nisundarstood by so many. As with ether areas of preventive 
medicine, industrial medicine is devoid of drama and is less well understood 
by society, although it may have impact on a single individual or profund 
implications for the entire population. 

Conventional practices of industrial medicine in the past have ade- 
quately served the purposes of their time. Notwithstanding the meritorious 
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and inspirational achievements of the past we cannot , in blind cowolacencv 
of past laurels, remain static if we are to meet our responsibility and the 
challenge of cur time, in the world of change we must be pliable in spite 
of the arbitral rigidity of our ethical confinement. The confines of 
industrial aedicine will be broadened inevitably, to fulfill the need and 
denand of our * Ime; with or without our volition, and by legislation if 
necessary froc the pressures of the working population. The practitioner 
of occupational medicine d»’sl accept, to some degree^, his failure to meet 
the responsibilities thnt he has had to the consumer of aedical care in a 
constantly changing relationship between health providers and patients. 

The public has been educated to expect niracles of preventive aedicine, and 
the public is disappointed when they see so little done by the aedical pro- 
fession in their ordinary practice. lienee, the occupr lional medicine physi- 
cian can and must assist the general medical orofession by adding sjee 
elements of the practice of preventive r^dicine for eaployees. Cost effec- 
tiveness is a concept which has been widely exploited, but it is a useless 
concept in the evaluation of preventive aedicine programs. It is useless 
siaply because we have passed to a high level of sophistication in the con- 
sumer and the consumer is demanding, and will receive, as we stated before 
through legislation if necessary, the type of practice that he has been 
educated tc expect. 

We have just scratched the surface of the many problems chat besiege 
the practitioner of environmental and occupational medicine. There are many 
more, but we are not here to discuss the philosophical boundaries of medical 
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practice. Ia t.*e light of current knowledge of sow of the problems mi- 
tioned above, we at the NASA Flight Research Center designed our health 
Maintenance program, insofar as possible, to wet sow of these responsi- 
bilities and prcblen areas. It xs the purpose of this report to present 
the concept of our operational prograa. 

Fig. 1 outlines the cedical and environmental health progr- i being 
conducted at the NASA Flight Research Center. The separation of these 
elements of the prog ran is artificial and is intended for descriptive pur- 
poses only; in actualit .* all elements .re interacting, each bein interde- 
pendent on che others for the successful operation of the prograa. Details 
of the prograa are to be found in the "Guideline of the Occupational and 
Envi ronaental Health Prograa* conducted for -he NASA Flight Research Center, 
Edwards, California. 

The area of aedical services deals primarily with emergency care. 
Definitive diagnoses and ertensiv therapy are not within the scope of this 
prograa; these fall within the jurisdiction of the patient's private physi- 
cian. Minor illnesses or injury receive emergency care. The treatment is 
intended to provide the relief of pain and suffering fc\ the patient and to 
diminish cine consuming absences froa work. Whenever possible we obtain 
laboratory examinations such as roentgenograms , electrocardiograms, blood 
studies, and other diagnostic procedures that are within our capability. 

With the patient's consent we advise his private physician of the nature of 
che patient's problem and supply him with the pertinent medical findings 
which have led to a working diagnosis. When necessary, we diplomatically 
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;ff«r suggestions. Ue sake extra effort to establish good rapport wib rh3 
private physician. So far we are succeeding. This rapport helps to bridge 
the g-ip of our total Medical care, circuaventi og the previously mentioned 
prob lens with the private physicians considering u* to be in ccupetition. 

In order to complement the services of the private physicians to their pa- 
tients , we do perform medical monitoring activities such as blood pressures, 
dynamic electrocardiography, blood chemistries, etc., which may aid him in 
managing his patient's medical problems. Always, these are upon specific 
request and with the physician's consent. This further improves our working 
relationship with both, the physician and the patient. In general, both are 
grateful to have this capability at their disposal. Ve recently had a pa— 
ti^t wnose diagnosis involved coronary heart disease with a history of 
fainting and irregular heart action. His resting electrocardiogram was 
borderline, as shown in tig. 2. The top tracing shows his resting electro- 
cardiogram. He was placed on antiarrhythmic medication by his physician. 
Dynamic electrocardiography of & hours duration, while at work, revealed a 
paroxysmal arrhythmia, as can be seen in the middle tracing. The bottom 
tracing shows the improvements after proper titration of the medication. 

Our major therapeutic armamentarium may be no more than a leading ear, 
employing the time honored therapeutic effect of sympathetic listening. It 
is remarkable cow infrequently we need to dispense drugs. It is unfortunate 
that listening is becoming a dying art, especially at this time when society 
is becoming more and more drug dependent. Patients somehow conceive 

the idea that there is a pill for every vicissitude of life. Through medical 



counseling, we established a patient -physician rapport. Here, we are border- 
ing on a v e ry sensitive area dealing with some of the arbitrary boundaries 
previously Mentioned. But, can we really be of service and fulfill our com- 
mitment and our obligations to our patient without this relationship? This 
is s owe thing Co ponder in a quiet none at. 

The preventive Medicine aspect of our program deals with those activi- 
ties which prcuote and safeguard the health of the individual enployee. The 
methodology is traditional, essentially following the fundamental principles 
and practices of preventive medicine. However, we frequently cross into the 
other aspects of our program, for pxi^ile, from medical service to research. 

As a departure from the conventional health evaluation program, we disregard 
the usual division of executive and routine physicals. He only do comprehen- 
sive medical evaluations. Disease recognizes no social hierarchy, and neither 
do we. In addition to comprehensive periodic examinations, health maintenance 
examinations also include pre-employment, preflight, flight, placement and 
postillness examinations. 

He believe that each individual is definitely a significant part of the 
total environment, call it ecology if you wish. The content of our medical 
evaluation is presented in Fig. 3. He are strong proponents of physical 
fitness and we advise all of our employees to have regular exercise. Ue 
optimize their exercise program by periodic physical competence testing; the 
testing is done in u: physiology laboratory pictured in Fig. 4. Our equip- 
ment consists of a bicycle ergeaeter and the necessary electronics. The 
procedures are similar to chose done ic Dr. Luft's physiology laboratory at 



the Lovelace Foundation in Albuquerque, Sen Mexico. Briefly, the test is 
a maximal exercise tolerance test with progressive step-vise increases in 
load. For the first three minutes the load is held constant at 50 watts, 
thereafter the load is increased by 12.5 watts every minute to the maxirum 
load the subject can tolerate. The end point of the rest is tabulated in 
Fig. 5. 

The physiologic parameters monitored are shown in Fig. 6. The first 
four of these parameters are continuously monitored and recorded on magnetic 
tape. The last three parameters are obtained using Douglas br ; collection 
at predetermined times. The first collection is usually at 7 to 8 minutes; 
the last three collections are at maximal exercise. The oxygen uptake at 
aaxisun exercise is ovr "index of fitness." By using the maximal oxygen 
uptake we can inform the subject of his fitness status and advise him ac- 
cordingly in order to optimise his exercise regimen. Even though the test 
is relatively safe, with proper precautions, the personnel in the laboratory 
are trained in resuscitation techniques and the necessary equipment from 
defibrillator to drugs is ever ready to meet any eventuality. 

The environmental health activity at the Flight Research Center provides 
medical support and advisory resources for solving problems relating to the 
work environment and other environmental hazard areas. The service includes 
the conducting of surveys of potential or already existent health hazards 
within the Center. Health surveys and follow-ups are conducted semiannually 
and on an as-needed basis. Consultations are provided on specific environ- 
mental health problems as the need arises. All work areas at the Flight 



Research Center are inspected and evaluated for environmental health problems. 
The evaluation includes analyses o* the adequacy, availability, and sanita- 
tion of the various sanitary and eating facilities; heating, cooling and 
ventilation requirements; adequacy and suitability of lighting to prevent 
eyestrain and promote comfort; i.isect and rodent control; sanitation and 
waste disposal; noise evaluation in offices, hangars , test cells, etc., in- 
cluding evaluation of the adequacy of noise control and p issible elimination 
of noise sources , as well as a hearing conservation program; evaluation of 
proper use, handling and disposal of toxic materials; adequacy and suitabil- 
ity of protective equipment; type, amount and safety precautions regarding 
air contamination and personal protective measures; handling, use and dis- 
posal of radioactive materials, when used; evaluation of X-ray, microwave 
and laser health hazards; determination of physical harards and potentially 
or actually dangerous work conditions in the environment; and other areas 
as determined by specific situations. 

Research efforts pertaining to the occupational and environmental health 
program are primarily directed toward clinical and environmental studies. 
Research effots are confined to studies on informed volunteer subjects and 
do net involve the use of drugs, medications or hazardous procedures which 
could jeopardize the health of the subjects. The research efforts include, 
but are not limited to, epidemiological studies (both cross sectional and 
longitudinal) of heart disease, cancer, stroke, etc., as they pertain to the 
Center employees; physiologic stress, noise phenomena; dynamic electrocardi- 
ograph including monitoring during daily and home activities; and psycho- 
physiologic studies. 
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For soae years, the NASA Flight Research Center has sponsored the 
training of a resident in his final year in the specialty “raining in aero- 
space itedicine. The aerospace aedlcinc residency training prograa is con- 
ducted by .*e Department of Aerospace and ^uviroctental Medicine at the 
Lovelace Foundation, under the auspices of the Ohio Statu University. The 
thli-i year is the final year in the prograa offered to residents at Ohio 
State University. Six months of the residency training takes place at the 
Lovelace Foundation in Albuquerque, 6 months of thu residency take place 
at the Flight Research Center. The residency training prograa is specifi- 
cally tailored to the individual requirements ■‘f each resident and to his- 
desires for future career opportunities. The oc. pational medicine and 
environmental medicine aspects of our program and the aerospace medicine 
research being conducted at the Center provides the resident with important 
operational experience. 

A word must be said about multiphasic health screening tests. The 
great strides of technology which we have seen over the past few years have 
given impetus to automation and to the use of multiphasic screening tests. 

In cur program, however, we have not yet embarked on the use of multiphasic 
screening tests. We feel that multiphasic screening is a superficial short- 
cut approach to substitute a level of noncare for basic good practice of 
medicine. It side-steps th^ laying on of hands in the name of time saving. 

We do not feel that multipass.' c screening can or should be elevated to the 
level of a substituce for goof medical evaluation. There is, we believe, 
no sound basis for exploiting the use of multiphaslt screening ;«.> a 9 institute 



for a basic, sound program of good occupational ex di cine. Of the serious " *77 
diseases which have been discovered as a result of the program just described 
which has been in operation at the NASA flight Research Center for the past" \ 
year and a half, only a few of the diagnoses would have been suggested by - 

the comon multiphasic screening tests now in use. Multiphasic screening. '" 
is expensive and can lull both physician and patient into a totally unwar- 
ranted sense of false security. Currently, ouch of the promotion of aulti- 
phasic screening is coming from organizations which are ioc medically sophis- 
ticated and which nave little or no physician input. These organizations 
propose a system which provides a superficial approach to a deep and basic 
problem of medical diagnosis and which can be time consuming, expensive and 
totally misleading in its results. 

The program conducted at the NASA Flight Research Center is presented 
with no claim for panacea. The program’s orientation is toware overcoming 
some of the intricacies of the problems that we have discussed above. Flexi- 
bility of action must now and forever be the key word in evaluation and con- 
tinuing development of occupational medicine programs. There is now more 
than ever an urgent need for further exploitation of all available methodol- 
ogy and tools of preventive medicine, as long as these tools do not represent 
a substitute for good medicine. Also, wo must turn our efforts to the study 
of the ctiveness of the programs and the various proposed programs around 
us. Through a systematic approach applying the "system philosophy" and 
formulation of "nodels" efforts may be optimized and alternative methods o c 
exploration may i.e uncovered. 
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In soaaiy, the real and apparent problems that besiege rs Iuve been 
presented. The practice of an environmental medicine prcgrac has bo an 
presented as it pertains to the SUSA, flight Research Center, in Fig. 

.Vi tae see these guidelines which have been used for the heaith aairtenar.ee 
program, ihese arc as follows: 

.'-A.- CmyrmwK \ ve medical care. 

3. Prevention a_. i possibly prediction of adverse health cone icier.. 

C. Periodic intensive medical evaluation. 

D. Emphasis oa physical fitness. 

E. Periodic physical fitness evaluation. 

r. Erl-i biological studies. 

G. Research oc work stress. 

£. Continual reappraisal of our efforts. 

I. Continual reevalcatioo of our methodology. 



NA8A-FLIGHT RESEARCH CENTER 
MEDICAL AND ENVIRONMENTAL HEALTH PROGRAM 


A. Medical Services 


B. Preventive Medicine 


C. Environmental Health 


D. Research 


E. Education 
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MEDICAL EVALUATION 


A. Complete medical history 

B. Physical examination including 

Opiti.ilmoscopy 
Tonometry 
Vision testing 
Audiometry 
Indirect laryngoscopy 
Proctosigmoidoscopy 
Pap smear 

C. Neurological examination 
0. Laboratory examinations 

Urinalysis, pH, Specific Gravity, Albumin. Sugar, & Blood 
Blood Chemistry Glucose, Urea Nitrogen, Uric Acid, 
Cholesterol, Total Protein. SGOT, 1.0H, Alkaline 
Phosphatase, Inorganic Phosphorus, Calcium, Total 
Bilirubin. 

E. Electrocardiogram 

F. Roelgenograms. Chest X-ray usually 

G, Pulmonary function studies Spirometry and N? washout 

H, Physical competence test Bicycle ergomctry 
!• Other tests as clinically indicated 

fiouhk ;i 







END POINT OF THE TEST 

1. Adverse symptoms such as chest pain, cramps, dyspnea, etc. 

2. Abnormal signs such as cyanosis, pallor, unduly elevated 
blood pressure, etc. 

3. Fatigue. 

4. Inability to maintain a regular pedaling rhythm (50 rpm). 

5. Deemed inadvisable by the physician in attendence. 
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physiological parameters 

1. Heart Rale 
2 Electfucuiuiogram 

3. Blood Pressure 

4. Respiratory rate 

5. Respiratory volume 

6. Oxygen uptake 

7. C0 2 production 
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GUIDELINES OF THE HEALTH 
MAINTENANCE PROGRAM OF THE 
NASA FLIGHT RESEARCH CENTER 

' ' ' <i 

I i 

A. Comprehensive medical care 

B. Prevention and possibly prediction of adverse health 
condition. 

* » . . I 

jw 

C. Periodic intensive medltal evaluation. 

0. Emphasis on physical fitness. 

E. Periodic physical fitness evaluation. 

F. Epidemiological studies. 

G. Research on work stress. 

i « 

• ' j 

H. Continual reappraisal of our efforts. 

1. Continual reevaluation of our methodology. 
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NEK STAWARDS FOR ULTRAVIOLET RADIATION 
DAVID H. SUNEY 

US AUNT 3WIRONMBITAL HYGIENE AGENCY 
EDGann ABSENAL, MARYLAND 21010 

- Decent studies of ultraviolet biologic effects hare 
riarifirf the spectral radiant exposure doses and relative 
spectral effectiveness of ultraviolet radiation required r o 
elicit adverse biologic effects. 

Until tbs advent of the laser, the principal hazard, problem 

- ^ «» 

r ec og nize d In the use of optical sources nas the potential far 
injury of the skin and eye from ultraviolet radiation at wave- 
lengths less than 320 mi The high attenuation afforded cy 5 
any optical i tarLals in the 200-310 on spectral range generally 
encouraged an erpirlcel approach of enclosing the optical source 
with glass, plastic or other notarial having high absarpfcanee 
values below 320 nn. If injarloas affects developed In the eye 
or skin cf individual users, the source enclosure was Increased 
in thickness. 

The pbotocbealcal effects of ultraviolet redic.ti.es „pan the 
skin and eye are still not completely under st ood. However, the 
relative spectral effectiveness of radiation in ellidting a 
particular biologic effect, ref ered to by photobiologists as 
action spectra, are generally available. The steep slopes cf 
ultraviolet action spectra are .quite impressive and should 
demonstrate the importance of not blindly extrapolating biologi: 
data developed from one wavelength to another or assunlng that 
already familiar photo chem i c a l absorption bands do not have fine 
structures. The inevitable development of a wavelength-tunable 

- 225 - 



laser scarce In tbs ultraviolet region will provide a dramatic 
new tool for ultraviolet photofc&ology tgr —Hag ft drasetic 
Increase In spectral Irsndlaace over that ftfiMed by present 
ultraviolet sources. The SIS Coaalttae 1-2. 1.2 has developed 
spectral head designations in the near ultraviolet speetrua 
which are quite useful in discussing the UT biologic effects. 

^ They designate 315^00 an as DT4, 280-015 m oe and - 

200-260 na as OfrC.? 

ULTHATICLE? EF FECT S (M THE SCI 

A sufficient expos ur e to actinic ultraviolet radiation 

_ - — _ _ ~ _•*#**- 

' - - 

results la erythsaa or reddening of the skin (e.g., sunburn). 

The action spsctrun of ultraviolet exytbena was Investigated by 
several tease of physical scientists in the 1920's and early 
1?38*8. 3 *' 6 Figures 1 and 2 illustrate sane of the key findings 
of Eansser sad Table which are generally sumarised by only one 
graph of a "standard" action spectrin in nost texts. AH of 
these investigators explained the importance of noting the 
length of tine after e xpo su re for the various degrees of erythema 
to develop and the value of defining the action spectrun at a 
well-defined degree of redness and not at the "just perceptible" 
erytheaa. They all chose to work with expos u re doses above those 
where the highly transitory erythsaa produced by UV-C played a 
significant role. : 

Recent dermatological investigations have found the action 
spectrum far tais just-perceptible erytheaa to be quite different 
froc the "classical" carve, which is uot at all surprising. 7-9 

Ervtheaa thres h o l ds vary signifi c antly with skin pigmentation 

-226- 



(over at least one order of icagziitude) . Erytheaa thresholds say 
be as great as a factor of ten or aore for very dark skin than 
for very light Caucasian skin, with skin of Interaedlate 
pigmentation having thresholds In between. Clearly the action 
spectra* of interest depends upon the application. In applying 
an action spectru* to the develcpeaent of hazard criteria far 
industrial exposure one Bust aske a judgment of ^hat exposure 
Units will result in umtanted acute and chronic effects. 

Erythema production ft tr a given spectral source is dependent 
only on the total doses reciprocity exists between expos u re rate 
and exposure duration over a vide range of exposures ( <0.01 s 
to several hours). 10 

Cnrooiv My-isure to ultraviolet radiation accelerates 
"skin aging" and it is now generally felt that such exposure 
increases the risk of developing certain types of skin cancer. 11 ' 12 
Since OV-B penetrates aore deeply into the akin than radiation in 
the rest of the actinic ultraviolet spectru*, it has been thought 
to be the *ost effective in affecting living tissue as is 
attested by its capability of producing the *are severe grades 
of erytheaa. Several epideaiologic studies of skin cancer 
incidence reveal a very strong correlation with terrestrial solar 
UV'-B levels found at given latitude*, and ground elevations. 11-14 

A quantitative threshold far carcinogenesis by ultraviolet 
radiation appears to be very difficult to define if indeed one 
exists. Epideaiologic studies correlating solar ultraviolet 
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tx? 9 «ur* tdxh «Hb c an cer may shad scae light on whether quanti- 
tative thresholds exist for huaan skin oanoar hot such stadias 
could only place sane quantitative limits on a “threshold v*lue." 

It should ha mentioned that soma rare individuals are hypr.— 
senstltive to irradiation from specific optical spectral bands and 
may develop skin reactions described as "photosensitivity* 
foil suing sub-erytheaal exposure. 15 ' 1€ Ho w ev er , in the industrial 
environment ?t would he highly unusual for the syaptona of 
photosensitization to he elicited solely \ y a United enlsaion 
spectrum from industrial light sources such as "black light". 

Sunlight usually will also elicit or aggravate this akin response. . 
ULTRAVIOLET RADIATION AND THE EIE 

Regarding the visual spectral sensitivity of the human eye, 
the retina responds to near ultraviolet radiation aa to lights 
however, the lens of the eye is a strong absorber of wavelengths 
shorter than 400 nm and the resultant spectral sensitivity for 
vision markedly decreases between b20 end 380 na. 1 7 

UV-B and UV-C radiation are absorbed in the cornea and 
conjunctiva, and in sufficient doses will cause keratoconjunctivitis, 
that pairful effect known to most aa "welder's flash." The action 
spectrum and threshold dosage of ultraviolet keratoconjunctivitis 
have been investigated by several groups. General agreement nay 
be found In the results of the different investigators if the 
differences in experimental techniques, instrumentation, and subjects 
are considered. Of the published studies those particularly 
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relevent to human exposure were recently completed upon 

18 

prinate eyes and soue huaan eyes by Pitta and hxs collaborators. 

Using an arc monochromator ( they obtained data for 10 nn bands 

between 320 nm and 200 nm. They found the peak of the photo- 

keratitis action s - - ctrum at the 265-275 nm oaiid and a threshold 

at that wavelength of approximately b nJ »ca for both huaan and 

primate eyes. This is sorewhat different froa the earlier studies 

IS 

of Cogan and Kinsey who found a peak in the action spectrum at 288 run 
using a low-pressure-aercury-arc *-*r ochromator with narrower wavelength 
bands. The reciprocity of irradiance and exposure duration probably 
he Ids for time - sriods similar to those whiclj hold for ultraviolet 
erythema of the -'rln. These studies did not reveal an action 
spectrum for conjunctivitis different fro® keratitis. The action 
cpectrum of Pitts is given in Figure 3 (solid lin histograa) 
with the approximate range of thresholds at each band (i). 
Unfortunately, th-jr action spectrum when weighted against the 
ultraviolet spectrum of indirect daylight to which the eye is 
daily exposed would indicate that almost everyone would develop 
keratoconjunctivitis in a few hours while standing outdoors. 

This would Indicate that the investigators had experimental 
difficulties in accurately determining the obviously extreme 
slope of the action spectrum In the 300-315 na range. It aL*o 
demonstrates that thresholds which were averaged over 10 nm 
intervals -ighted against a source spectrum rapidly increasing 
in this region can lead to error rrrffldently narrow 
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K.weJc^th Jatemls could £>4 or nsfti, Indlridcais do develcp 
- is: free daylight ultra-videt radiatias but 

oc-> jftsr uwlajgM exposure ib ultraviolet reflected free 
_ s»< 'an e-pset of snow hHc'ia-ss.) . Scow Is essentially tft* 

- ---I 5 as ter Sri found Sr. the artaal Kriroswt with a high 

reJXeciacce la the actislc ultraviolet spectral region; water 
reflects very Utile and trez^c lts & lamre percentage. 

*r- *“ . 

“ Acclccr tal exposures to -atrasialet ritlatici froe geralcisal 

^ - Z: r “ - - - 

■ lares (dildi salt rrindsly «t 253.7 on) Indicate a aaas 

; ' V _2 

i ihresbeld for photcteritls of ajjrof cf .7 it* au -cr. — _s 

close a g a eg e^t vita ^e ?aU of rl*.ts. 

C^JIESrrSS F^ GCS? PATltSAL X2?GS£5S IG ULT^AYICLST 2?.BIA?ICK 
4i tie present essentially ao o-iartitatire occupational 
exposure: itandards etlst in this area. Factors contributing 
to this slhatiioa. are (l) the difficulty of perrondng 
accurate sractral irradiaaca neasairtsjtnts in this spectral 
regies, ( 2 ) the lisiled Rusher of optical radiation saurcec 
which ealt sltgificact actinic ultraviolet radiation, and (3) 
t azse of -zslnx protective eyewear a \ clothing which have 
eara<iu£ attesatla factors for actinic ultraviolet. 

In cee a?pl Icatica — the use of germicidal low pressure 
nercary lasps vhlch etit principally at one wavelength nn) — 
exposure Holts have beta jscBulgated . The Council on Physical 
Xedlclrs of the Americas Medical Association Reposed a Halt of 



0.1 »W-ca for * 2 b -hour exposure and 0.5 y V*ca 4 for a ?-hour 

or shorter exposure to these leaps . 21 These values were based 

-2 

upon a alnlaal erythema dose of 32 nJ-ca delivered in a 
iyninute exposure at 2^ nm. A greater than apparent safety 
factor actually exists for the loag exposure tines of 7 and 
2 b hours since there is sane loss of dose recip r ocity for such 
long exposures. 

If one can accurately determine the spectral irr aalan ce 
vs. wavelength cf a source (a nan-trivial task in the U* region), 
this spectra* nay be weighted against an action spec tra * for each 
blc'ogic effect of Interest to determine if a potential hazard 
exists. A somewhat simplified approach is, however, possible. 

If the threshold data for acute effects obtained froo the recent 
studies of alnlwl erytbena and minimal keratoconjunctivitis are 
combined upon ana graph (figure one nay draw an envelope 
curve which does not - 117 significantly (in comparison with 
measurement errors and variations in Individual response) from 
the collective threshold data. Since repeated exposure of 
the eye to potentially hazardous levels does not result in 
increasing the protective capabilities of the cornea (as does 
skin tanning and thickening which increases the protective shield 
for the deeper skin tissue) the preceding exposure guide is sore 
readily applicable to the eyo and should be considered as a 
Halting value for that organ. However, such a guide crus only be 
a starting pc let for determining sk 4 - exposure since wide 



variation* in actual thresholds exi&t aa ong Individuals, and 
the threshold varies with exposure history for a given Irdividual. 
Such a guideline would, have a built-in safety factor for 
essentially all hut very sensitive individuals. The aagnitude of 
the safety factor would depend upon the spectrum of the source 
sine «L k least two independent action spectra (e.g., the 300 rm 
vs. the na hands for er/thena production) say exist and would 
not be additiv^'” 23 Sources such as the sun which have a 
rapidly increasing spectral irxadiance In the 300-315 ns band 
would be difficult to accurately evaluate using this cr any other 
exposure guideline. The guideline could be applied only with 
extrene caution to ultraviolet lasers since all the biologic data 
upon which it was based were obtained free* relatively bread-band 
sources. Theoretically, narrow absorption peaks of an appropriate 
chreatophore, if -ccarei a isr ;-r wave l-rr-.b, 
would drastically change the actios spectrua. However, these 
narrow peaks would not be expected far such large organic 
©deciles. Such an exposure guideline is clearly non— applicable 
to photosensitive individuals since the action spectrum is 
likely to be significantly different and extend well Into the UY-A 
or visible region. The Coaaittee on Physical Agents of the ACGIH 
recently set a tentative threshold Unit value (TLV) based upon this 
enveiope concept (figure 3 - dashed line) and 's given in table I. 2 * 
The formula required for determining permissible exposure tine t 



(in seconds) iron a broad-band ultraviolet source, for which 
the spectral irradlance Is known, is as follows t 


- _ 0.005 J - ca~ 2 

l E.-S^ AX 

-Z -I 

where 5 ; Is the spectral irradlance in ¥•« -na , S . Is the 

relative spectral effectiveness (urltleis), and is the hand- 

width in na. Hopefully, tie development of an inexpensive 

Instrunect will be escororaged by this type of TLV such that 

spectral Irradlance measurements will not he required to 

evaluate an ultraviolet source. 

Guidelines for Uniting exposure of individuals tc near 

ultraviclet (UY-a) radiation can be based on relatively little 

data,, and are seldom required since few sources enlt sufficient 

radiation United to this spectral region to create any adverse 

biologic effects to normal individuals. Effects upon the skin 

are considered to be principally thermal, and guidelines 

applicable Tor skin exposure to far Infrared mdiatloc (l0 to 100 

nJf’cm .’ould appear to be applicable without prohlens except, 

of course, for photosensitive individuals. However. ~ev sources 

including the sun are capable of producing irrailances above 
-2 

i to 5 nW*ca in tne 315-380 na band under typical conditions. 
Guidelines for ocular exposure are quite a different natter. The 
suggestion of near ultraviolet radiation playing * causltive role 
In cataraxrtofcar has not been sufficiently investigated. 25 ” 26 



Short-ters (16 alrutes ) laser exposures to a rabbit eye at 

325 ns have produced cataracts at a corneal irradiance of O .65 

V - ct~ ? (10 rV In a 1.5 « bea a) 27 . One investigator reported 

the experimental production of cataracts at 29? na which seeas 
28 

quite unlikely. ITnat levels below this could create any 
lenticular opacities under chronic exposure conditions are 
unknown. There are no strong Indications that the low levels 
of this radiation found in industrial environments present a 

problem , although it has been suggested as the causitlvc agent 

2 ^ 

in glass-blower's cataract in the past. ' If concern exists 
in any situation, ultraviolet goggles designed to prevent the 
annoyance of lens fluorescence for individuals working with 
“black light** provide considerable protection fro* UV-A. 
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TABLE I 

PROPOSED 1971 THRESHOLD LIMIT WUE FOR 
EXPOSURE TO ACTINIC ULTRAVIOLET RADIATION 


Mayeiengtl 

(im) 

TLV 

(«J-oi- 2 ) 

Relative Spectral Effectiveness 
Si 

200 

100 

0.03 

210 

40 

C.C75 

220 

25 

0.12 

230 

16 

0.19 

240 

10 

0.30 

250 

7.0 

0.43 

254 

6.0 

o.s 

26G 

4.6 

0.65 

270 

5.0 

1.0 

280 

3.4 

0.88 

290 

4.7 

0.64 

300 

10 

0.30 

305 

50 

0.06 

510 

200 

0.015 

515 

1300 

0.003 
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'GHAOr EHYT.<f MA 








o i 5 s i 1 i 

RELATIVE OO0E 


Figure 2. The degree, or "grade” , of erythema (skin reddening) 

for increasing dose obtained by Hausser^. He noted that th^ 

t. 

monochromatic UV-9 radiation i^jch penetrated more deeply into 
The shin than UV-C radiation was far more effective in producinq 
serious erythema (as weil as longer lasting tan). Hausser's 
grading system consisted of a comparisan of skin redness with a 
logarithmic density scale obtained with red dye solutions. An 
erythema grade of one was above minimal erythema. 
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HAZATvD FAX 

AH afTKCflYH AiriAGOHIST 


1. 2. Alexander, Chief, 

Hadic logical Health Branch 

Division of 

Occupational Medicine 1 2h;v±roaaental Health 


liLtional Aeronautics and Space Aduinistration 
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The playwrights have often called cur attention to an insidious 
type of villain who seeos on the surface to be a valued and useful 
agent to the protagonists, but is in fact a dangerous threat to 


their veil-being. Hie aalignar.t lago, as he led Othello to rszrdcr 
his innocent wife, is perhaps the '--est known e xa c ple. There is, 
however, a special variety ~of these villains who are dangerous enou^i, 
not because t b«y are consciously evil, but because of powerful forces 
ror king ulthin then' that are a little regoad -heir control. To ay -iud. 


Lancelot is the vest intriguing among tbeso. 

- In the non- fictional draaa of occupational health protection, 
hazard pc.;- has a rule act at all dissimilar to Sir Lancelot* s. 

.is Carelct cone crashing down upon his shoulders, perhaps it occurred 
to King Arthur that a timely crchidectony would have preserved his 
"brief sfain.’.ig no rent" And Arthur could have done it! On the other 
hand, hazard pay for Federal workers is required by Congress and, 
therefore, is such acre firstly entrenched than Lancelot was. hazard 
pay is ret likely to be emasculated. Therefore, to protect our Federal 


'.-.calth and safety programs, we rest devise for then an effective chastity 
belt. 


At first glance, hazard pay would seen to be a perfectly harmless 
way to reward a worker for taking risks that other workers do not have 
to take. I<> one objects to regular high pay for test pilotr, so why 



x: _■ fwsai _x c- 


ruli differentials pai d every once in a while to a 


ic. rrC c g-ioycc the la asked to do something unusual and risky? ul 

.' a yA.ll&- •*.; vitc r. concept whic.i cay be stated as follow^: - 

;* i :, iwn*.. hn:xi*oc* can a*, sde^oatcly safcjiardel Z£ sufficient- f 

.-so nee: arc y. ‘ .i'-el. rule concept has terrific Stgacfeoa ~ v; 

-.-;..*su it ir.vroducee two faccorc that are difficult to deal ;" 

vv - :. — jut un.*. . . an* crais. le con start with a dangerous task -and 

,._i j.:i z-Scr rcy anchor -air'll the danger essentially disappears. \_y * 

I xn." oases, to " do eo 'jould cost so c. ich that the entire project would • 

v- . .lend inst-ad. iuoi’offare, the actual objective is usually not ' 

c nils!, aue ‘uucnrds, uni eo reduce then to sene acceptable level, Ibe^ 

* 

that Is acceptable, and the capability of the safeguards to provide 
Ills level, are natters of ^adeerent. Since v can achieve a decree of 
safety cc-snausurate with the exeunt of money we are willing to spend, 
it follows that wc can achieve a slightly inadequate degree by spenoing 
net quite enough. Difficult decisions of this nature arise Ti^’v 
every tire a facility or major systua is being designed, and safeguards 
•j'.st co:n>et£ with operational requirements under a fixed budget. Morals 
enter the picture the first tine someone considers paying a hazard - — 
differencial, which -iould ccnie fron soat other budget, rather than providing 
r. full couple: icnc of safeguards. 

.'lactner rori-el question arises -when the tine cones to consider a 
daijerens tael taut, for all practical purposes, can not be adequately 
rule yuar led, i.c., even the minimal ncuvp noble safeguards would cost 
too mush. fee:: that happens, the real issue is whether the te.su should be 
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c»»ea qy Massed. 
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■ " ^ th 'feioic -^artos^' serar; if be -aist 
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rre_-= v~ SSct i^-gsS^c^ierlT' tree of 73^5 -ales :£>s - 
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ery.^rc .-to rocls-clor;. b^e ii^-er -be er^:.s»jx. 


?^5 — \~&ZSm CX' 



~ ’Ssi^scs* ~ wL : ‘>- i:V source.;, I io-'i have Ja teil 592. bov the others 
Mjr^^ibbures. , _ 

, 5 i2 iiiis coaid ah w>rse- 
ttc radiatiXHi aiotectfra officer oddidner the 
b?-sari pay ^ojjrssi, £se. chat is exactly bos it wt_s vvee Is Greece.- -Consider 
_/. the pq^iiariCi any health protection 01 sefexy officisr as he perfcmc bis 



rtiisie - 


ities. As^ s-aff a^loyae, his effectiveness is dependent for to* 
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isst pari the cl coapcratica be can bbtsle. Fro.yrsr_ly, -- 

bstnss, he czrrl .iazcrfera in hose nesrcr kLv2j sci% aai tills la'lcr- 

v althcr.n ■ le uoHasyyJ Is not crier. r Jeioofcg. ‘ 'Sars FIs ral Vvljr- 

11: rlirifr ^Vjgr; Isodtlcfcl cs'-c. jaSaer delicate. IT be Is azsfnsei 
r .'. . ; -".,- ; .',i- : -' : - , -i " ' - - i 

II. c rcsyr-r-l5lLI r\-Hz HeKnr ar ass a Server Kill receive actra 

yay i r talzLh^ g~.rise.Cj be l-'sxst either upset He delicate oaiaace ay etyiz.;; 

tx. c-sl tabbi 3oa^;^ -he aortar's pochoi, or he mst say yes. aliKtli, 

Hit %ts j^tectlci^rc^&z is Sanity, asai Hal It either csnrscl c-r vlllc»,: 

I- agj ,’rbez wrcc, Hal tee tasV trill re perSarzsec. az-yiaayt bedrions 

eyccti.tlelity cf s Ha-ysrcas iosi sad. Hetfcor to cpzbc lie: 

. besz^ry x.-*;~ Tor ^aiejuarus ao zot aS/sii ts a seTet. sv >.ai^ b- : .-_c l. t 

Hir ycl ii:tr- sirecll' tiai saSegaH'ls are resasirad to achieve- a 

Hyree cl nr.taatizn. 3 b involve ^e.c farther is a hasaraL pay prs^ras vaali 


try. 


ise aro He chorees ucjiHst this see zizcly ^saibi 


Tl. 


/t 


l) ?c.“ -tc se sastitetei Tor safngvsards. 

(2) Duties -i.icl; should be prohibited cay be aotaorloel osier 

a pr i-iti pey .jostifi cable.... 

v5) HrCjoyecs aay perform uori under ihsoardous conditio;*'- - 
uaie-t^soEriiy la order to receive preciss pay. 

Slccc cc. sac. set eiiaioate hazard pay, Hat Hall re co to protest oar -'■ 
i-oleial Ic -11- end safety prejrazs lloa corpra.Jise' 
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Berbers a ssusd beriming voula be to ashavksge that it Is 
seaciises necessary to consider the parfo manee of work that is Laasrdous 
V;. for !Ci£! aseqvrric safeguards aouli sot he practicable.; to reco^xite 
these* sit-rat isas as the e:r.tic&l ones requiring oar attention, and to 

x c!je:ts*i. tt preisi pay &r ssc~i vork if the proper decisions 
are .znde befnrehari, Ir* a es aoetest -zasssr, aria by the ap propriate 
rfficials* ihe rriricb.".. decisions are : 

(l) iat the p)Tisi -2 of adequate ^fe^aru 
is In fact rot practicable; 
i'4 Zbat the task i; is fact essential - 
iT "e cr a-sare that tr.ese decisions are properly cade before hazard 
pay Is snnheriued, eaysset tould sever re cade unless an esqaloyee is 
requested tc yerSrrn as aasdttsdly d*ungerous but essential task, -si 
i:o nirent ic the lenlni and safety psojrars eoclS be under control. 

-h finny along these Uses at IA2& lieadqu&rters has led as tc propose 
i; fclloviny procedure vhen a request for hazard pay is a&de; 

(1) Flad cut *Jhat safeguards save bees provided. 

(2) Jete raise Aether these safeguards are adequate. 

(3) If they are adjudged adequate, so pay differential is authorized, 
(a) If they are adjudged iaacerrate, deiernine ufeat additional safe- 
guards are necessary for adequate protection. 

[j) lent raise Aether the provision of then- additional safeguards 
is practicable. 
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[C'j IT the 3er safeguards are considered practicable, they mst 
Z 2 prrviiec.. Ay ain, no pay iirrerential is authorised. 

('*} I- the ssfeyoaris are no* practicable, a top-leri . ^m a ^ a=a::t 
dc-dcis: -rise be na£e as be lieSer perToruaice or Sr hanerdoas 
h&sl: vs bo be m iertahen. ("bis decision .rust be based r_i the 
ennr IJcia.hlcr. s of er^loyce protection aad toe essentiality or 
the tack. dSue qpstjon or a pay differential is not to be 
scasii-crei.J 

(-T) IT the decision Is to go ahead sith the task, the pay dif!fereat4al 
ic aaiaorired. . 

Accj -'-Sirs to this procedure, bazar.' pay xdx be authorised csly fir tasks 
enudderd y tap-iercl sscagejct x be essential despite a&dtted dsryer 
V: :, hr _1L jrcctivC. purposes, car. sot be adequately s3T?J3cjk. 

pruccr-trc requires dour Cedcir-ns before cannon- us assiy'jec;ts vrr. be 


0 — m 

\ '■< 


re the culstk-y saT j s ale : 3 m Id This Aecidc:. should be 
ebc hr- safety or CT.iua'-K:. ral health specialists. 

(2) "Jhal add tic rd. sau*e.~uards are iecc-saryl !3iis daclslr-n should 
ais:> be nade by safety or enviionaental health specialists. 

( 3 ) Are the necessary safeguards practicable? This decision she-uld be 
rale by project or operations .aeaspaeat peraornel. 

(-: ) Is the pcrTon ar.ee of due dangerous task to be permitted '. 

This dodder, should. be rale by the highest level or rsunyaaeat 
at hk_- i;s collation. 
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'3ils g-eetoio3-.33.id5g process is c very coaaeadgble one vhef ?er hazard pey- 
ic- a pr t'zlxzi or r«t. ivsvar, it should. Tt noted that the decisions rsist 
'before lumnrd pay can be authorised. ‘*5ien. lie sard pay is imposed, 
the procedure saarii eqsore ttat pey, is btrrer substituted for safegsardsj 
that *-ur^jeix.us tasks are not ordertabss unless they are essential, and 
iri&t arei.au pey is prohibited fbr deliberately perfbraed unset 

riasrtea ccrcitlcas for purposes of personal geda. 

/ • ; . 

tfith all of these deliberations before us, we are prepared tc look r - 
rgEfc at our lacaelct-bazarl pay analogy. Our health and safety prograss 
azo at risk, as has been shoaa, and we.aust devise fbr then an effective 
protective nechanisu, or chastity belt.. 

' Several cf us have bees working on this problen fbr nonths at ZASk 
Tteadjjsrters — ~ the Office cf ItefZ'oail, the aASA. Safety Office-, and the 
division of Occupational Medicine sad Strvjxorsestal Health, tie believe 
rs have an ouster. -All pay is aduinisteied by Per scene!. Our.tbon^it 
is to place a constraint on Eerscnnel vhlch would. require that a Judgement 
on the adequacy of safeguards be obtained froa on-site healt* and safety 
specialists before hazard pay could be authorised. The requas- fer tni;. 
4ndjs.aeat vculd. initiate tnc nenageaent decision-asking process described 
earlier, "his process would not inoive the consideration of pay bat would 
focus instead on a safeguards evaluation and on *he question of ihether a 
task that can not be practicably safeguarded should be peifozned at all. 

The final decision a>uln be aade bv the nicest level of aesageaei^ and 
forwarded to Personnel. It is a staple solution to a ooaplex pwr^eru 
bi.t sinple solutions are usually best. 
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AIX2GED ICaCdRT DISCHARGE 
BT THE LEWIS HESEABCE CERES 


Louis Bosenblue 
Lewis Research Center 
Cleveland, -Ohio 
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alleged hercubx disch»hsb bt tbb lhtcs bbsbarch cebteh 

by Louis Boseiblw 
MSA-Lwis Hesetrdi Center 
Ckiekod, Ohio 

?ince Iferch 1966c HSU-tevis has maintained contimsd conuucatioos 
with the Federal Activities Coordirattr of the WKj/L, Chicago Regional 
Office, indad lag site Tiiits, inter sample analyses end regular effluent 
reports to the FWJL early in 19TO the ^ Vo* active in attempting 
to identlQr sources contributing to mercury pollution of the ^eet lakes. 
The following chronology traces the ia^act of this investigation on the 

LeRC. 


CBatMPIfiCr OF TIB ALLBGATHM 

April 13. 1970 - Hr. G edge Harlow, Eirector, Lek Erie Basin 
Office , FWPCA requested data on the usage of Mercury it LeRC. A copy 
of current "=rcury Inventory Records forwarded to 3ir. Harlow indicated 
about a 290 lb loss out of approximately 5000 lbs in use and a total 
inventory of 25,000 lbs. 

Hu 7. 1970 - Samples were taken by FHQI of industrial waste basin, 
and. stom sewers that receive basin discharge. 

Mwr 13 and 17. 1970 * Samples var? takes by both and leBC of 
industrial waste basin and storw sewer. All sables indicated < 2 ppb 
(ps '^s per billion) mercury, i.c., below the limit of detection of the 
analytical method used. 


- 250 - 



Jtene 4. 1970 - During the Like Brie Enforcement Conference in 
Detroit the FM)H reported that ."on May 7, 1970 & concentration of 11 ifb 
merc u r y uas present in the outffcll fm the HSt, LdC, CLnelani, Ohio.* 
jMj 2&-2U 19T0 - Suqtfpy of the Industrial Haste Basin effluent 
were tt\eh by FHQft. The results are sbod llitidLe I. 

September 17, 1970 - Btedar Secretary, Halter J. Hided, released 
list of 90 industrial ■er c ury prUbaters.' Included a. this list v&s 


HKTOBM OF TX SV1SBKX 

It wnM be well to stop at this point and revier the evidence for 
■ercury pollution by LeSC. 

L. M e rc u r y loss on Mercury Inventory Becords: A perusal of fee 
records over several jean tine indicates that the "loss” ■ercury is- 
often siaply overlooked ■e rcury stock Which is *f bard" at the next in- 
ventory. Therefore these records d) ait provide an unequivocal guide to 
that aercury which say be lost U> the atmosphere or the sewer system. 

2. The May 7 sample which showed 11 ppb was a single sample. 

Given the inexperience of the people iho made the analysis and the 
problems of inadvertent conr cwi nation Coherent in analysis of trace 
elements, one should not plaice too much confidence in the accuracy of 
this result. 

3. In the case of all the analyses there was no determination 
made at a material balance. Or pot another way, all mercury source 
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contributions to the outfall effluent were not ascertained. Such 
sources are: 1) airborne; 2) on site research activities; 3) Main- 
tenance activities, e.g., pesticide applications; and 4) water enter- 
ing the LeBC, i.e., Cleveland tap water. 

C THE : ^ / 

To determine apre exactly tfce' source and actual amount of mercury 
contamination e farther set of water swples were taken by LeBC on 
Sept. 23, 1570- and analysed, using the ne u tron activation analysis (111), 
tj the U.S. Geological Survey Laboratory in Denver, Colorado. The 
results given in Table H wre presented at a meeting, Oct. 7, 1970 
called by the Office of Director of Mgreaent, im, Chicago.' It 
is evident fron the results that within the limits of precision of the 
report ed there is no difference between inejaing tap weter and outgoing 
indust rial/ store sewer water. The irternal standard, distilled water 
spiked with 1.0 pjpto nercury, gives a measure of the accuracy of the 
analytical technique. The acc ur acy of the method is good, as indi- 
cated by the exact a g ree m ent between the analytic result and the in- 
ternal standard. 

Follow-on tests were performed by FHQA and BASA-Levis on October 
12-13, 1975. The results are dmo in Table III. Analyses were per- 
formed at FWJA facilities in Cincinnati, Ohio and at LeBC using the 
flameless atomic absorption (FAA) procedure (Provisional FHQA Method 
for Mercury Analysis, Sej*., 1970 ). All results i^iicated mercury 
concentrations below the limits of detection. 
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THE ACCOSATID* LUESES 


Hovember TO. 1970 - A letter fro* Col. Hansen, Carps of Engineers, 
Buffalo District to JeRC read in port, "it has ooae to aqr attention that 
you. are discharging mercvry or effluent containing mercury into the 
waters of the Rocky River — . Section 13 of the Rivers and Harbors 
Act of 1899 nates it unlawful to discharge or deposit natter of ary 
kind or description into any navigable water at tributary thereof in 
the absence oft Department of Anf'ftnzt." ' 

April 1971 - Cow ethical of Canada, fating a suit by the State 
of Ohio far alleged nercury pollution, issued a press release published 
in the hews media which carried allegations that leRC is polluting 
Take Erie with mercury — based on the June 3 , I 970 lake Erie Conference 
Report. 



On July 2 6 , 1971 the following letter addressed to the Director, 
HASA- lewis Research Center was sent by fin. t. Ruckelsbaus, Adalnistrator, 


ERA. 


This is in reply to your letter of April 9 , 1971, concerning the 
discharge of mercury at Lewis Research Center. 

Dr. Francis T. Mayo , Acting Regional Administrator, Region V, 
Environmental Protection Agency has responded to your identical 
letter to him with regard to our initial findings of mercury in 
the effluent ikon XASA's lewis Research Center. He agree that 
on the basis of later analyses we do not detect the addition of 
mercury by those facilities in the effluent. 


-233. 


Our reports since December 1970 have listed the NASA Levis 
Research Jester as not discharging mercury. This information 
has been provided to Congressional comsittees that have followed 
closely our activities in the mercury situation and to the press. 
Please be assured that any press release issued by ESA and deal- 
ing with known mercury dischargers will reflect the fact that we 
do not find these facilities to be discharging -sercury. , 


A SEPSLLGHf 

Since September 1970 the LeBC has run merc ur y analysis on City' 
of Cleveland tap water on site, rife-find that the mercury content of 
the water- effluent follows closely 'the mercury content of the water' ' 
entering the Center. Figure 1 gives the merc u ry concentration of the 
tap water over the pe r iod September 1970 to Angust 1971. The data r 
indicated by the solid circles were obtained by the FAA method and the 
single-data in point indicated by the solid triangle vias obtained by 
the BAA method. The data ranges from 0.1 ppb, which corresponds to the 
predicted background level for Lake Erie, to 0.5 ppb or possibly 1.8 
. ppb. The fluctuation over the year period appears to be relatively 
large. The true range of the fluctuation and whether the fluctuation 
is seasonal - due to shifting or disturbance of lake silt near the 
water system intake or due to another cause - can only be determined by 
further investigation. 


POUCT”-.-* REMARKS 

In retrospect the mercury discharge allegation has increased vr 
awareness of the pollution potential of our research and technology 
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operation and reef hasized the need for tight operational control. In 
the process of investigating the charges we developed new analytical 
capacility and expertise and also uncovered an unanticipated tap water 
situation. 
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mercury analysis Results 

■ JULY 20-21, 1970 . 

• ••■ i r' 

ESTi Ft.OW MERCURY i 
SAMPLING LOCATION MGD' PPB** LBS/D AY 

I- 

INDUSTRIAL WASTE 1.1. 2.3 0.03 

BASIN OUTFALL INTO 
STORM SEWER <24 
HOURS COMPOSITES) 

• MILLIONS OF GALLONS PER DAY. 

•• PARTS PER BILLION. 


TABLE I 
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uses analytical results 

SEFT. 28, 1970 

SAMPLING LOCATION 

INTERNAL STANDARD (DISTILLED 
WATER CONTAINING 1.0 PPB 
MERCURY) 

INDUSTRIAL WASTE BA$IN OUTFALL 
(COMBINED WITH STORM SEWER) 

INDUSTRIAL WASTE BASIN NO. 1 

INDUSTRIAL WASTE BASIN NO. 2 

SANITARY SEWER 

CITY OF CLEVELAND TAP WATER 
(ON SITE, NASA) 


T ABLE IT ' 



; 2; 0 ± 15% , 

, 1 I 1 1 

1. 3 ± 1 5%, 
0. 7 ± 15% 




f' 


v :;i 


r. \ 


• SAMPLING 



CITY 0F< CLEVELAND 
(12 IN. ANO 
SUPPLY PIPES) 


INDUSTRIAL W A Sfc V - ••••"> u> 
, (COMBINED WITH. STORgiSiW^T; 

INDUSTRIAL WASiTE 

S ANITA RY SEWER 


:LAND TA r 'W'A;®ERvj;', ■':■• 

24 IN. water : V K"'. 

•f si ^ ' tt; ■ ;%• \ i l ' 

as’te- jKiHti#* * ' 
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LEAD PLSCIUS 


Le ren B. Gray 

Chief, Health 4 Safety Engineering -Of flee 
God-card Space Plight Center 
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YOU CAN LEAD A HOlxSE TO WA -'EH BUT 
A PENCIL HAS TO BE LEAD 


The purpose of this brief presentation ?..s to share with 
you some information gained from a study rfermed at 
Goddard concerning the lead content of the paint on 
various pencils in our supply system. 

It was brought tc our attention that pencils founc in 
the Washington, D. C. area contained lead in their paint. 

Se were told that during a drive to eliminate rats from 
some of the ghetto areas, pencils were provided as an 
incentive tc children to participate in the campaign which 
was called H'* War on Rats". Ironically, th^se pencils 
which were yell -w and had print mg on them which said 
"Get the Lead Ou'-Fight the War on Rats" have something like 
23 tag- lead content in their paint. Fortunately, they 
were not distribute. Armed with this information several 
of the pencils in cne of our laboratory areas were examined 
and indeed found to have lead contained in their paint also. 
We requested an analysis of each of the different pencils 
in our local Center stock and the results are presented in 
Table I. The method used was X-ray secondary fluorescence 
analysis. The defection limit for this method was stated 
to be . 0005 og/cE~ . 

The results of the survey were reported in milligrams of 
lead in the paint of the entire pencil and as milligrams 
of lead per square centimeter. The amount of lead found 
varied from .04 milligram (mg) per pencil fo»- a carmine 
colored pencil (No. 25 in Tafclu I) to approximately 43 mg. 
per pencil for a yellow colored pencil (No. 35 in Table I). 

In general, pencils painted yellow seemed to have higher 
lead content than other co’ors. 

In an effort to determine just how significant the hazard 
might be we ran m item in our local announcement bulletin 
which informed th“ personnel of the potential problem ip a 
low key way and solicited people who were concerned or 
regarded themselves as chronic pencil chewers to contact our 
Health Unit. The physicians, after e aluating the situation, 
might determine whether or not a correlation existed between 
chewing tae pencil and biological analysis for lead. 
Unfortunately, only one person reported and no analyses 
were performed. In addition, our supply people and the 
GSA supply personnel were advised of the situation and 
requested to revise their specif ications prohibiting pencils 
with paint with detectable lead content from being procured 
in the future. Since the stu-Jy showed that pencils wiik the 



case color were available with no detectable lead content , 
this was not expected to be a problem. 

It is our understanding that the Pencil Maker's Association , 
Inc. of Wayne, Pcnrsylvania have pledged a similar change 
to their manufacturing specifications to bring them in 
line with the Food ant* Drug Administration’s llsit of less 
that lx lead content for paint on toys. 
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TA'LF I 


Fb (mg77 

mm. MMU£AQIi!£C i UtAt CfiifiE FAINT COLOR PENCIL^ Pb(moW) 


1. 

FOH-I-NORR "Offatt" No. 656 

LAC Hardmuth, Inc, 

Black 

Yellow 

0,14 

0,00161 

2. 

Re van wood Bonded lead 1080, No, 1 

Reliance 

Blaek 

Yellow 

13.91 

0.180 

1. 

Raven wood Bottled Lead 1080, No. 2 

Reliance 

Blaok 

Ywilow 

20,12 

0.563 

4. 

Forum 739 N<«. ) 

Venus 

Block 

Yellow 

19.16 

0.447 

5. 

Templar 742 

Reliance 

Black 

Bleak 

• 

• 

6. 

No 2-2/4 

Wellaoe Penoll Company 

Black 

Cray 

• 

• 

7. 

Unique 1237 

Venus 

Carmine Rad 

Rad 

ft 

ft 

8. 

Teat Saorlng 100 

Musgravc "enoll Co, , Inc, 

Bhelbyville.TN Blaok 

Silver 

ft 

• 

9. 

Beginnara-104 (lorn Large Cl* ) 

Dixon 

Bleak 

Blaok 

• 

• 

10. 

Arlington No. 2 

Arlington 

Black 

Yellow 

12,71 

0.156 

11. 

Arlington No. 3 

Arltnqton 

Black 

Yellow 

"1 ,03 

0.618 

12. 

KOH-l-NGRR, Polyoolor 16, No. 1 

LAC Hardmuth, Inc. 

Green 

Creen 



13. 

No. 3 

Muagrave Penoll Company 

Black 

Yellow 

21.61 

0,606 

14. 

VUa -Color 1820 Yellow 

Unton (USA) 

Yellow 

Yellow 

1,24 

0.01461 

IS. 

Magnolia 2372 

Reliance 

White 

White 

• 

• 

16. 

Oeneral'a Red & Blud Crayon '201 

General 

Bl'ia 

Blue 

4,06 

•* 0.01116 




Red 

Red 

4,89 

0.01170 

17. 

KOH-I-NOOR Flexlcolor Green 1800,16 

LAC Hardmuoh, Inc, 

Creen 

Green 

• 

• 

18. 

Templar Drawing 778, 2R 

Reliance 

Blue 

Blaok 

• 

• 

19. 

Mephlato Brow ,(or checking blue- 

4.AC Hardmu'h, Inc. 

Brown 

Brown 

• 

• 


prtnta 






20. 

Unique 

Venus 

Blue 

Blue 

• 

• 

21. 

Professional Drawing 1000, 4H 

LAC Hardmuth, Inc, 

Blue 

Black 

• 

• 

22. 

Cuatom L 900 3H 

Union 

Blue 

Blaok 

• 

ft 

23. 

Formoat 707T, 2-4/6 

Rel la no • 

Blaok 

Yellow 

16.2 

' ,460 

24. 

Polyoolor KOH-I-NOOR 1600, No, 4 

LAC HArdmulh, Inc, 

Yellow 

Yellow 

• 

• 

25. 

Polyoolor KOH-I-NOOR 1600, No, 30 

LAC HerdfituO,, Inc. 

Carmine 

Carmine 

.0446 

,00016 

it. 

Polycolor KOH-I-NOOR 1600, No, 8 

LAC Hardmuth, Inc, 

Orange 

Orange 

• 

• 

27. 

Polyooloi KOH-I-NOOR 1600, No, 35 

LAC Hardmuth, Inc, 

Red 

Red 

4,630 

0,1261 

28. 

Polyoolor KOH-;-NOOR 1600, No, 1 

LAC Hardmuth, Inc, 

White 

White 

• 

• 

29. 

Colorbrita 2122 

Eberhard rebar 

Oiange 

Orange 

21,031 

0.561 

3b. 

Colorbrita 2127 

Eberhard Faber 

Yellow 

Yellow 

26.716 

0.746 

31. 

Colorbrita 2111 

Eberhard Taber 

White-Chrome 

White-Chroma 

t 

ft 

32. 

jenerele Insoluble Cnlorux 1813 

General 

Yellow 

Yellow 

26,777 

0.760 

33. 

Heat 124-1/7 

Dixon 

Oehrt 

Ochre 

• 

ft 

34. 

Best 3520 

Dixon 

White 

White 

• 

• 




TABU! I (Continual) 


MODEL . . 

MANUFACTURE 

LEAD COLQl’ 

PAINT COLOR 

Pbimg,/ 
PENCIL) . 

Ph (mo/omiSl 

IS leat 3S30 

DIkoi 

Yellow 

Yellow 

43,033 

1 ,30* 

36. Drawing 3H 

Van>u 

Black 

Oraan 

• 

ft 

37 . Taat Scoring l n 0 

Muagnva Panoll Company 

Black 

Black 

• 

ft 

30. 3530 

Addraa loyrap i-Muliiqraph Corp. 

Blank 

Red 

30,769 

0.563 

39 • Unlq .« 1307 Rad 

Venue 

Rad 

Red 

ft 

ft 

40. Unique 1306 Oraan 

Vanui 

Oraan 

Oraan 

17.460 

0.469 

41. Unique 1309 Yellow 

Vanua 

Yaltow 

Yellow 

• 

ft 

43. Unique .314 Grange 

Vanua 

Orange 

Orange 

* 

ft 

43. Unique 1.M7 Pink 

Vanua 

Pink 

Pink 

ft 

ft 

44. Unique 13 <9 Light Groan 

Vanua 

Light Oraan 

Light Green 

ft 

ft 


• No detectable load above li.nlta .'or (ait oondIMoni (0.000S mg/cm*) 
*» I'luo halt of panoll had b!ua ovar rad palm 
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ABSTRACT 


Paper presented at Annual Meeting of Occupational Medicine and Esnriron- 
aental Health Directors, Consultants, and Alrlsors, Charleston, South 
Carolina, October 12 - Ife, 1971- 


A broad or*TTiew of basic radiobiological aechcnisas and. their 
relationship to radiotherapy was presenter. 

The application of heavy particles (i.e., protons, alpha particles, 
negative pirns, neutrons, heavy ions) in the treatment of neoplastic 
disease was eval jatcd. Irportant physical paraaeters characterizing each 
type of parti: . . vcrc dir'V’SS' 1 in terns of their applicability to 
particular trears»ct situations. 
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